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ALL  THE  HIGHEST  AWARDS 

for  Vienna  Hread  and 
French  I’astry  at  the  Ex- 
liibition  were  obtained  by 
users  of  this  Brand,  viz., 
iNIessrs.T.  WATT  &  SOX, 

Silver  Medal  and  Oiploina 
for  London  ni.ade  Vienna 
Bread  ;  C  L  A  K  K  '  .S 
BREAD  FACTORY, 

.Silver  Medal  and  Diploma 
for  conntry-nuule  Vienna 
]?read  ;  FIETTA  BROS., 

Medal  and  Diploma  for  Continental  Pastry, 
h'sed  in  all  his  Mixtures  by  Mr.  HENRY  CARTWRIGHT,  who  was  so  Highly 

.Successful. 

Also  the  Two  Only  Medals  for  Vienna  Bread  in  Indoor  Competition. 
Awarded  the  only  Gold  Medal  fur  Flou'  at  the  International  Health  Exhibition,  London,  1884. 


Mr.  W.  JAGO,  F.C.S.,  P.I.C.,  reports  as  follows: — 

“32,  CL.tllENPON'  VlLL.tS, 

“  Bl!lGH’n).N,  19th  .\i)ril,  1S95. 


“I  have  received  from  IMr.  C.  AV.aydelin  a  sample  of  his  welFknown  brand  of 
Hungarian  Patent  Flour,  M.B.D.O. ,  for  juirposes  of  Analysis  and  Baking  Tests. 
Employing  tlie  methods  described  in  my  work  on  Bread-juaking,  the  following 
results  were  obtained  :  — 


I  Wet,  ... 
Gluten,  Dry,  ... 

I  ‘True,’ 
Moisture, 


32'CO  per  cent. 
10-69 
9--20 
O-.’iO 


M’ater  Absorjition  by  Viscometer,  <^»uarts  per  Sack,  78-0 

Colour  on  Pekarised  Flour,  ...  ...  ...  O'OO  Yellow  f  0 '35  Red. 


A  Baking  Test  was  made  with  the  following  ipiantities  ; — 

Flour,  560  grams  ;  Water,  390  grams=78  t,>uarts  per  Sack. 

The  Fermented  Dough  weighed  91-2  grams  =107-5  t,>uartei'ns  to  the  Sack; 
weighed  in  at  4  lb.  6  oz. 

The  weight  of  the  B.aked  Loaf,  12  hours  old,  was  821  grams  =  102'6 
to  the  Sack. 

'1  he  bloom  of  the  baked  bread  was  exceedingly  good,  its  colour  registering 
I'.'i  V  ellow  I  0'5  Red.  The  volume  was  fair,  texttire  good,  pile  good. 
1  he  flavour  was  very  sweet,  and  the  loaf  pleasantly  moist. 

*'  I  have  been  ac(iuainted  with  the  M.B.D.  Flour  for  at  le.ast  ten  j-ears,  and  can 
speak  in  the  highest  terms  of  its  general  uniformity  and  excellence.  It  belongs 
to  tlie  highest  class  of  Hungarian  flours,  and  can  witii  conhdence  be  recommemled 
to  the  favourable  attention  of  bakers  of  highest  class  bread. 


“(Signed)  AVILLI.VM  d.-VGO.” 


M.B.D. 


SOLE  AGENT— 


M.B.D. 


CHARLES  WAYDELIN, 

45,  Borough  High  Street,  LONDON,  E.C. 
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PREFACE. 


As  indicated  l>y  the  title,  the  suhject  matter  of  tlie  present  work  is 
essentially  that  of  the  Science'  and  Art  of  Itread-making.  Tlie  mode  of 
treatment  is  described  in  the  ojiening  paragraph  of  the  introductory 
chapter,  hut  some  further  few  words  of  explanation  of  its  object  may 
ajipropriately  be  given  here. 

Among  the  classes  to  whom  the  book  appeals  there  are  many  whose 
scientitic  libraiy  is  somewhat  scanty  ;  and  still  more  to  whom  it  is  at 
least  a  great  convenience  to  have  their  scientitic  explanations  self- 
contained  in  the  one  treatise.  In  deference  therefore  to  the  representa¬ 
tions  of  those  best  fitted  to  speak  on  l)ehalf  of  tlie  practical  baker,  the 
work  commences  with  a  brief  description  of  elementary  chemistry  and 
jiliysics  in  so  far  as  they  apply  to  bread-making.  For  tlu^  same  reason, 
explanations  of  many  othei'  matters  are  written  more  fully  than  neces- 
sarj' for  scientitic  readers,  who  it  is  hojicd  will  not  be  inconvenienced  by 
the  presence  of  these  details,  wliich  ai'c  likely  to  piove  of  material 
assistance  to  the  baker-student. 

In  the  more  purely  scientific  section  of  tlu;  look,  the  aim  has  lieen  to 
discuss  fully  and  exhaustively  all  that  has  a  bearing  on  Cliemistry  and 
Fermentation  in  their  application  to  Ifri'ad-making.  No  pains  liave  been 
spared  to  render  the  matter  absolutely  authentic,  and  to  embody  the 
results  of  the  most  recent  researches  on  these  subjects.  Prominent 
among  such  are  the  investigations  of  CySullivan,  Prown,  Heron,  Morris, 
and  IMoritz  on  the  Carbohydrati's.  Tlie  exhaustive  researches  of  ( )sborne 
and  Voorhees  on  the  Proteids  of  Wheat  an*  also  included,  as  likewise  are 
those  of  Hansen  and  .Jiirgensen  on  Fermentation  and  Yeast.  The  author 
himself  contributes  the  results  of  researches  on  Diastase  and  Mall 
Extracts  generally  in  their  relation  to  Pread-making. 

As  a  subject  of  considerable  intc'rest  to  the  milh'r,  the  physiology  of 
grain  life,  together  with  the  chemical  composition  of  wheat.  Hour,  and 
other  milling  products,  is  .somewhat  fully  discu-s.sed. 
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111  the  iinietieal  section  of  tlie  work,  tlie  priiici]il(*s  of  iiiodern  Ijreiicl- 
iiiiikiiig,  togetlier  witli  tlu'ir  iipiilicatioii  to  the  niauufiicture  fif  ditrereait 
\  ari('ties  of  Ijread,  are  extensively  descrilied.  A  very  complete  sunnnary 
of  various  contributions  to  tlie  literature  of  Sour  Bread  is  given,  conclud¬ 
ing  with  a  description  of  recent  investigations  by  the  author.  Tlie 
suliject  of  Bakehouse  l>esign  is  treated  systematically,  lieing  illustrated 
by  a  number  of  typical  plans  prepared  liy  the  author,  and  reproduced  as 
plates.  (The  descriptive  matter  of  these  is  jiartly  derived  from  a 
lecture  by  the  writer  on  Bakehouse  1  )esign,  delivered  .some  years  ago 
at  the  1  leriot-\Vatt  College,  Edinljurgh,  and  partly  from  some  original 
artieles  contributed  by  him  to  the  British  Baker  and  Confectioner,  the 
well-known  standard  monthly  trade  journal.)  There  follows  a  detailed 
account  of  the  nature  and  method  of  management  of  the  motive  power, 
and  various  machines  employed  in  a  bakery.  It  is  hoped  that  these 
chapters  may  be  of  special  service  to  master-bakers,  foremen,  and  others 
having  chai'ge  of  bakeries,  and  particularly  modern  machine  plants  and 
ovens. 

The  work  also  comprises  a  de.scription  of  the  methods  of  analytic, 
baking  and  other  tests  on  wheat.  Hour,  yeast,  and  other  materials 
em}iloyed  by  the  baker.  The  examination  of  Hour  is  in  particular 
treated  veiy  fully  ;  included  in  this  section  are  tabulat(“(l  n-sults  of  the 
examination  of  large  numbers  of  Hours  specially  obtained  for  the  pur- 
po.se  of  this  work.  It  is  hoped  that  these  will  l>e  of  value  not  only  to 
bakers  as  buyers  of  Hour,  but  also  to  all  millers  and  Hour  merchants, 
who  are  interested  in  a  lecord  of  the  quality  and  character  of  typical 
and  standard  Hours. 

In  th(>  j)reparation  of  the  present  book,  the  author  has  betm  primarily 
guiiled  by  the  object  of  i)roviding  a  work  of  .servits*  to  every  Baker  and 
.Miller  who  wishes  to  know  as  much  as  pos.sil)h‘  about  wheat.  Hour,  and 
bread-making.  But  he  also  hopes  tt)  hav(;  furnished  information  that 
will  b(‘  of  valuta  to  Yeast  Brewers  and  .Manufactuivrs,  Engineers, 
Farmers,  and  othei's  who  are  more'  or  h'ss  directly  connected  with 
milling  ami  Itaking  industries. 

Tin?  writer  also  feels  that  his  sulject  appeals  strongly  to  members  of 
his  own  profession,  and  trusts  that  as  a  specialised  woi-k  of  r(‘ferenee  on 
the  Clumiisti'y  and  Analysis  (commercial  and  t)therw'i.st*)  of  Hour,  brt'ad, 
and  yeast,  the  book  will  pro\  (‘  of  service  to  Clumiists. 

lie  fui'llau'  ventuiH's  to  I’Xpress  the.  opinion  that  to  mmnbers  of  the 
.Medical  Brofession  genei-ally,  all  of  whom  are  intert!.sted  in  food  and 
dietetics,  and  particularly  to  .Medical  UHlcers  t)f  Health,  the  work 
should  prove  of  value.  To  those  who,  as  medical  smierinteiulents  iind 
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oliicors  of  asylums,  prisons,  work-liousos,  hospitals,  and  othor  ])ul)lic 
institutions,  havo  tho  rosponsiliility  of  seoinji-  that  provision  is  made  foi- 
the  healthy,  efficient,  aiul  econoniical  manufactui'o  of  bread,  he.  helieves 
it  will  continually  he  of  great  assistance.  The  author  can  at  least 
claim  that  in  writing  the  hook,  he  has  throughout  .studied  to  meet  the 
requirements  and  difficulties  of  those  here  indicated. 

The  writing  a  pi'eface  affords  one  the  opportunity  of  thaidcing  thos(' 
to  whom  he  is  ind(d)t(Ml  for  help  receiv(>d  in  scientific  work.  It  is  v,dth 
great  ]ileasure  that  the  author  in  the  first  place  acknowledges  the 
kindly  and  courteous  r(^cei)tion  given  to  his  pi-cwious  woi'ks  on  the  saiiu' 
■sulqect,  hy  the  whole  Press,  ht)th  technical  and  scientific.  INfany  of  the 
\  arious  suggestions  and  recommendations  of  his  critics  havt'  home  fruit 
in  the  prt'sent  hook,  and  in  every  case  they  have  r(‘ceived  the  most 
careful  attention  and  consideration  of  the  writer. 

It  is  talmost  impossible  to  acknowledge  the  whole  of  the  kindness 
received  from  fellow  scientists  while  engaged  in  work  of  this  descrijition. 
The  author  wishes,  however,  to  specially  thank  the  following ; — 

Drs.  IMorris  and  INForitz,  autlu)rs  of  A  Text  Book  of  the  Science  of 
Brezuing,  and  IMessrs.  Spon,  publishers  of  the  same,  for  having  placed  at 
his  disposal  various  Plates  from  that  work  which  are  reproduced  as 
Plates  IJI.,  IV.,  and  Y.  of  the  present  hook. 

l)r.  Alfred  Jorgensen,  Director  of  the  Laboratory  of  the  Physiology 
and  Technology  of  Fermentation  at  Co])enhagen,  author  of  Micro¬ 
organisms  and  Fermentation.,  and  i\Ir.  AV.  L^'ons  of  Eastclieap 
Ihiildings,  FlC.,  publishers  of  the  same,  for  the  loan  of  blocks  foi- 
Figures  10,  11,  1*2,  14,  and  15. 

Dr.  8.  11.  Amines,  .author  of  Lectures  on  the  Physiology  of  Plants,  for 
the  loan  of  block  for  Figure  40. 

Among  books  tf)  which  the  author  wislu's  to  e.xpress  his  special 
acknowledgments  are  Alorris  and  Moritz’s  Science  of  Brezving,  dorgenstm’s 
Micro-organisms  and  Fermentation,  mA  Halliburton’s  Chemical  Phvsio- 
logy  and  Ihithology  ;  the  previous  ex'istcnce  of  tlu'se  works  has  materi¬ 
ally  lighPaKal  lias  author’s  Labours  (always  sufficiently  hea\y)  in  the 
<lirection  of  rtaiding  and  comparing  original  memoii's  and  jiapers.  llt- 
als(i  thanks  Mr.  Voller  foi’  having  fretdy  ])laced  at  his  disposal  tlu' 
subject  matter  of  his  excellent  work  on  Modern  Milling ;  to  this  he  is 
iud(4)ted  f(jr  the  Dictionary  of  AVheat  given  on  page's  'Jlhi-T. 

To  Mr.  S.  A.  Vasey,  F.C.S.,  the  author  is  indc'bted  for  a  nuiidx'r  of 
I'cferences  in  comu'xion  with  researclu's  on  tlics  protc'ids.  I  lis  thaid'Ce 
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are  also  due  to  his  i)upils,  IMessrs.  W.  Chitty,  of  Dt)ver,  and  W.  T. 
Callai'd,  of  Tonjuay  ;  and  also  his  assistants,  Messrs.  Stamp  and  Fuller, 
for  much  help  rendered  in  making;  the  various  analytic  and  baking 
tests  recorded  in  this  hook,  and  in  the  preparation  of  the  drawings  for 
the  various  illustrations  and  plates. 

In  conclusion,  the  writer  would  say  that  no  elfort  of  his  has  been 
spared  to  put  the  very  best  work  of  which  he  is  capable  into  the  pre¬ 
sent  treatise.  In  this  sihrit  he  commends  the  book  to  the  favourable 
consideration  of  tho.se  classes  of  readers  to  whom  it  specially  appeals. 

WILLIAM  JAdO. 

London,  PIC., 

Cornwall  House,  35,  yUieen  Victoria  Street, 
and  BnumTON, 

May,  1895. 
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THE  SCIENCE  AND  ART 


OK 

BREAD-MAKING. 


CHAPTER  I. 

INTRODUCTORY. 

1.  General  Scope  of  Work.  — Tlie  object  of  tlie  present  Work 
is  to  deni,  in  the  first  place,  with  tliose  branches  of  knowledge  which 
together  constitute  tlie  scientific  foundations  of  Bread-making  as  a 
science  in  itself.  Paramount  amonu:  these  is  — 

Chemistry. 

ith  which  is  closely  associated  - 

Heat  and  its  properties. 

Fermentation  and  the  Biology  of  Micro-organisms. 

Vegetable  Physiology  in  its  relation  to  the  Wheat  Plant. 

Microscopy. 

Ne.xt,  viewing  Bread-making  as  an  Art  or  Industry,  tlie  design  of 
Bakeries  and  adaptation  of  Machinery  for  various  purposes  is  fully 
discussed.  Following  on  this  is  a  descrijition  of  the  various  processes 
and  operations  involved  in  the  Commercial  Manufacture  of  Bread,  to¬ 
gether  with  an  investigation  of  the  many  important  practical  problems 
connected  therewith. 

Tlie  more  purely  analytical  section  of  the  ^Vork  includes  detailed 
directions  for  the  commercial  testing  and  valuation  of  flour,  yeast,  and 
other  bread-making  materials  ;  in  addition  to  which  there  are  also  given 
approved  methods  for  the  commercial  and  complete  chemical  analysis 
of  such  substances.  The  results  of  a  number  of  original  chemical  re¬ 
searches  are  also  embodied,  and  are  here  for  the  first  time  made  public. 

It  is  not  propos(*d  to  adhere  to  any  very  rigid  classification,  but-  to  so 
arrange  the  subject  matter  as  si'ems  most  likely  to  meet  the  re(|uire- 
ments  of  the  majority  of  readers. 

2.  Matter. — The  bodies  with  which  we  are  surrounded  present  an 
almost  endless  diversity  of  colour,  appearance,  and  other  chai’actc'ristics. 
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One  jH’operty  tliey  liowever  iill  possess  in  coniiuon,  iuul  that  is  the 
jiroperty  of  tveig/u.  All  hodies  are  attracted  hy  the  earth,  and  any 
snhstanci*  is  said  to  he  heavy  because  of  the  resistanci*  which  it  offers 
to  this  earth-attraction  or  gravitation.  Not  only  are  solid  bodies,  such 
as  iron  and  wood,  possessed  of  wei^dlt,  but  so  likewise  are  ii(|uids,  such 
as  water  and  oil,  and  also  j^ases,  such  as,  for  example,  common  air,  or 
coal-ifas.  It  is  convenient  to  have  one  name  for  all  bodies  which  possess 
weight,  and  for  this  purpose,  in  Enijlish,  the  term  Alaffer  is  (unployed. 
Matter,  then,  is  anything  which  possesses  weight  (i.e.,  is  acted 
on  by  gravitation),  and  exists  in  three  distinct  forms,  namely, 
as  solids,  liquids,  and  gases. 

3  Force. — The  detinition  of  matter  just  given  would  seem  at  first 
sight  sufficiently  com})rchensive  to  eml)race  everything  of  which  we  can 
take  cognisance,  but  yet  a  moment’s  I’cflection  shows  the  I'xistence  of 
other  things  beside  matter.  An  illustration  b(‘st  demonstrates  this  fact — 
A  hammer  head  is  known  to  consist  of  matter  because  it  possesses 
weight;  but  if  with  this  hammer-head  you  give  a  series  of  bk)ws  to  a 
small  jiiece  of  nail-rod,  you  have  given  the  nail-rod  something  which  is 
not  matter.  The  hammer-head  is  not  lighter,  nor  is  the  nail-rod  heavier 
— still  the  blows  are  something,  as  otherwise  they  could  produce  no 
effect.  For  one  thing,  the  nail-rod  will  have  bemi  flattemal  and  altered 
in  shajie ;  further,  and  which  is  of  far  more  present  importance,  it  will 
have  become  hot  to  the  touch.  Again,  to  make  us('  of  another  illustra¬ 
tion,  if  a  dry  brick  be  carefully  weighed  aiul  then  made  n'd  hot  in  a 
furnact',  it  will  b(^  found  to  weigh  when  hot  pi'ecisely  the  same  as  it  did 
when  cold.  Furtluu’,  this  lirick,  if  allowed  to  become  cold,  im])arts  heat 
to  .surrounding  objt'cfs,  and  nevertheless  remains  unaltered  in  weight. 
Here,  then,  is  som(*thing  very  definite  which  a  body  can  receive  and 
again  vield,  and  which  is  not  matter.  This  something  has,  however,  a 
very  direct  relation  to  matter;  in  the  first  illustration  the  blows  were 
struck  by  the  moving  hammer-head,  which  consists  of  matter  in  motion. 
The  more  i-apid  the  motion,  the  moi’e  violent  would  be  the  blows;  in 
fact  the  force  of  the  blow  depends  both  on  the  ([Uantity  of  matter  and 
the  rapidity  of  its  motion.  A  numbei-  of  considerations  lead  to  the 
belief  that  the  hot  iron  of  tlu'  nail-rod  and  also  the  hot  brick  diller  from 
the  same  substances  in  the  cold  state,  in  that  tludr  comiionent  particles 
art*  in  a  state  of  movt'inent ;  as  these  substances  cool,  the  particlt*s  once 
more  enter  into  a  condition  of  compa,rati\'e  rt'st.  d’his  something  beyond 
matter  is  closely  associated  with  motion,  and  is  termt'd  foi'ce.  Forctj 
is  defined  as  that  which  is  capable  of  setting  matter  in  motion, 
or  of  altering  the  direction  or  velocity  of  matter  already  in 
motion.  The  nmtion  of  bodies  may  be  di\  idi*d  int(»  two  classes  :  then* 
is,  first,  that  of  the  body  as  a  wdiole,  as  in  the  case  of  the  moving  hammer- 
hea<l ;  .second,  the  internal  movi-ments  of  the  particles  i)f  a  bod}*,  as 
when  it  becomes  hot. 

ELEMENT.S  OF  HEAT. 

4.  Heat,  its  Nature  and  Effects. — Among  genei'ally  observed 
facts  with  regard  to  h(‘at,  one  of  the  first  and  most  imjiortant  is  that 
it  induces  the  sensation  of  warmth.  According  to  the  character  and 
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<l(‘nn‘t“  of  this  sonsatioii,  a  Ixxly  is  said  to  1)(>  cold,  warm,  or  liot.  TIk; 
(.•onditions  wliioli  produce  tliis  sensation  of  warmtii  also  cause  otliei’ 
wi'll  niark(‘d  cliany<‘s  in  tlie  jiliysical  condition  of  substances.  Tlie 
ifcneral  eil'ccts  of  heat  are  to  cause  Ijodies  as  tliey  yet  liot  to  e.xpand  in 
voluna* ;  furlliei',  solids  art' reduced  to  tlu'  li(|uid  state,  and,  with  still 
further  increments  of  heat,  liquids  arc'  converted  into  yases.  d'hec 
opposite'  seric's  of  chanyes  occur  as  heat  is  abstracted  ficim  bodic's. 
I'roin  the  c'xplanation  of  I'^orce  yivc'ii  in  the  juecediny  parayrapli,  it 
will  be  undc'rstood  that  thc'sc  changes  ai'c  not  accompanied  bv  any 
addition  or  diminution  of  weight.  On  the  contrary.  Heat  is  viewed 
as  a  form  of  Force,  and  is  regarded  as  a  mode  or  variety  of 
internal  motion  of  the  particles  of  bodies  -  the  hotter  they 
are,  the  more  violent  and  energetic  is  this  motion. 

5.  Measurement  of  Heat:  Temperature.  -The  earliest  and 
most  accessilile  measure  to  be  applied  to  beat  is  that  of  the  sc'nsation 
of  warmth  before  relVrred  to,  and  according  to  whether  a  body  to  the 
touch  is  hot  or  cold,  it  is  said  to  be  of  high  or  low  tc'iiiperature. 
Temjiei-ature  is,  in  fact,  the  measure  of  what  is  popularly  termed 
“how  hot  a  body  is  it  will  be  seen  on  consideration  that  this  depends 
on  the  power  the  body  has  of  imparting  heat  to  anothei’  body.  Tlius, 
if  when  the  hand  is  thrust  into  water,  the  water  is  able  to  yield  heat 
to  the  hand,  it  is  said  to  be  “hot,”  while  if  it  robs  the  hand  of  heat  it 
is  .said  to  be  “  cold.”  The  measure  of  this  jiower  is  termed  temperature, 
and  is  more  exactly  embodied  in  the  following  detinition  : — The 
temperature  of  a  bociy  is  a  measure  of  the  intensity  of  its 
heat,  and  is  further  defined  as  the  thermal  state  of  a  body 
considered  with  reference  to  its  power  of  communicating 
heat  to  other  bodies. 

6.  The  Thermometer  — Foi-  scicntilic,  and  also  foi-  most  to'clinical 

purposes,  tlu'  sc'iisations  are  Jiot  suthcic'ntly  accurate  mc'thods  of 
ineasuiing  temperature';  accoi (liiigly  tempc'rature  is  usually  mc'asured 
by  certain  of  the  cth'cts  which  lu^at  produces:  tlu'  most  convenient  for 
this  purpose',  is  the  expiinsion  eef  liepiiels  with  an  e'h'veitiem  of  temperiitui'e. 
Feir  the'  generiil  jeurpnses  ejf  tem])Ci;iture'  me'asin-e'ine'nt,  the  metal 
mercui-y  is  the  meest  cemve'ihent  sidistance.  This  hepiiel,  enclerse'el  in  a 
suitable  ve'ssel,  ceenstitute's  the'  temieerature-me'asui'ing  instrume'iit  te'rnu'el 
a  thei’ineeine'te'r.  In  cenistructing  ;i  the-i'iimmcter,  a  bulb  is  bhewn  at 
one  e'liel  eif  a  ghiss  tube;  eef  very  narreew  beere'  ;  the  bulb  anel  tube'  are' 
ne'.xt  lilh'el  with  tai'efully  jairith'd  me'i’cury  ;  this  is  beiih'el,  anel  thus  all 
air  anel  meeisture  are'  didven  eeut  e>f  the  tube;  tiie  eejie'ii  e'liel  is  then 
he'i-meticallv  s('ale*el  by  fusing  the  glass  itse'lf.  At  this  stiige'  the'  bulb 
anel  a  [xertion  of  the'  tedie'  are'  tille'el  with  me'rcury,  the;  re'inaineh'r  eef  the* 
tube  being  a  vacuum,  save'  for  the'  pre'se'iu-e'  of  a  nnnute'  epiantity  eef 
mercury  \'a])e)ur.  ( )n  he'ating  the;  bulb  eef  this  instrument,  the  nu're.'ury 

e'.X])anels  anel  idse's  cemsieh'i'Jibly  in  the'  ste'in.  d  hi'eiughout  any  beeely,  eu- 
se'iic's  eif  beeelies  in  contact  with  e'ach  eetlici',  he'iit  has  :i  te'iieh'ne'y  te;  see 
•  listribute'  it.se'lf  that  the  whole'  se'i'ie's  shall  be'  at  the'  same'  te'uijie'rature'  ; 
cemse'epie'ntly  if  the;  the'i’iimme'te'r  be  pl;i.e-e'el  in  contae't  with  the'  beeely 
wheese'  te-mpe'riiture;  it  is  eh'sire'el  to  mcasuie',  a  re'elistributieui  eef  he'at 
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(iccurs,  until  tlie  two  ;ir(‘  at  tlie  same  ti'iiipei-atiire.  That  is  to  say,  if 
the  body  be  the  liottei',  it  yields  heat  to  the  thei-momet(‘r  ;  and  if  it  be 
eold(‘r,  it  receives  heat  from  the  tlan'inometcn-,  until  the  t(‘mi)(“rature  of 
both  is  the  same.  Tlie  two  bein^'  in  etlicient  contact,  this  sta,<;-e  is 
indicated  by  the  mercury  becoming  stationary  in  the  thei-mometei-. 
Now,  the  volume  of  mercury  is  constant  for  any  one  temperature  ; 
theri'fore,  to  register  timqieratui’e.  it  is  only  neci'ssary  to  have  further  a 
scale,  or  .s(*ri('s  of  graduations,  attached  to  the  stem  of  the  instrument, 
by  which  the  temperature  may  always  be  read. 


7.  Thsrmonietric  Scalos.  Subject  to  certain  precautions,  the 
temperatures  of  melting  ice  and  of  steam  in  contact  with  boiling  water 
are  constant.  The  height  at  which  the  mercury  stands  when  immersed 
in  each  of  these  is  marked  on  most  thermometers  ;  for  the  ri'gisti’ation 
of  other  temperatures  some  system  of  graduation  must  be  devised. 
The  one  most  commonly  (unployi'd  in  this  country  is  that  of  Fahrenheit, 
while  for  scientific  pur})0ses  that  of  Celsius,  or  the  Centigrade  Scale,  is 
ahno.st  universally  adopted.  Fahrenheit  divided  the  distance  between 
the  nudting  and  boiling  points  of  his  thermometei-  into  ISO  degrees; 
degrees  of  the  same  value  wen*  also  set  off  on  either  side  of  these  limits. 
At  -VJ  degrees  below  the  melting  point  he  fixed  an  arbitrary  zero  of 
temjierature,  from  which  he  reckoned.  On  his  thermometric  scale,  the 
melting  iioint  is  02°,  while  the  boiling  point  is  02  +  ISO  212°.  Degrees 
lielow  the  zero  are  reckoned  as  -  (minus)  degrees,  thus  -  S°  means  S 
degri'es  below  zero,  or  40  degrees  bcdow  the  melting  jioint ;  degrees 
above  212  simi)ly  reckon  uiiwards,  210,  214°  F.,  itc. 

The  Centigrade  Scale  is  much  simi)lei',  the  melting  point  is  taken  as 
0°  or  zero,  and  the  boiling  point  as  100°,  temperatures  below  the 
melting  point  are  reckoned  as— degrees. 

The  conversion  from  one  to  the  other  of  the  Centigraile  and  Fahren¬ 
heit  Scales  ma}’  be  easily  performed. 

ISO  Fhihreidieit  degrees  =  100  Centigi-ade  degrees. 

Q  =  T) 

1  ,,  degree  =  (f  ,,  degree. 


Thei'e  is  this  important  difference  between  the  two  scab's  -Centigrade 
degrees  count  from  tlu'  mc'lting  point,  whih'  Faln-eidieit  degrees  are 
|•eckoned  from  .42  bi'low  tlu^  melting  point. 

•50  C.  =  40  X  =  nl  Fahrenheit  (h'grees. 

Tlu'i'efore  40°  C.  are  e(]uival('nt  to  44  Fahrt'nheit  degri'i's  above  the 
melting  point,  but  as  tlu*  melting  ])oint  is  42,  that  number  must  be 
added  on  to  -o  f  ;  tlu'  tem]iei-ature  Fahrenheit  e(pial  to  40°  C.  is  S()°.  lly 
th('  reverse  opi'ration,  Fahrt'idu'it  (h'grees  arc'  convi'rtial  into  degrees 
C('ntigi-ad('.  TIk'  following  formula'  repi'c'sc'ut  tlu'  two  operations  : 

(F°-42)x.o 


''“^  +  42=F°. 


=  C“. 


'I'Ik'  following  table'  gi\('S  tlu'  cepOvalent  readings  on  the  two  tlu'rmo 
nu'tric  scab's  for  some  of  the  most  import.ant  temjierat urt's  : 
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f) 


40° 

C. 

= 

-40° 

F. 

70“ 

C. 

= 

1  .-)8° 

F. 

17-7 

5 

= 

0 

5? 

75 

55 

= 

1G7 

55 

0 

5) 

= 

32 

80 

55 

= 

17G 

55 

In 

59 

5  * 

85 

55 

= 

1 8.0 

55 

l.n-h 

y 

= 

GO 

90 

55 

= 

194 

55 

20 

= 

G8 

y  y 

95 

55 

= 

203 

55 

21 -1 

= 

70 

100 

5  ) 

212 

55 

2.n 

= 

77 

150 

55 

— 

302 

55 

20 -C) 

5' 

= 

80 

200 

55 

=: 

392 

55 

30 

V 

= 

8G 

232-2 

55 

= 

4.n0 

55 

3.0 

= 

95 

55 

250 

55 

= 

482 

40 

z= 

104 

55 

2G0 

5’ 

.lOO 

55 

45 

= 

113 

55 

287-7 

5  5 

= 

h.nO 

5 

50 

= 

122 

55 

3oO 

55 

7)72 

55 

55 

5? 

= 

131 

55 

31G-G 

55 

= 

GOO 

55 

()0 

= 

140 

55 

350 

55 

= 

GG2 

55 

G5 

= 

149 

55 

400 

55 

= 

752 

55 

8.  Quantity  of  Hsat.  —  Temi)erature  is  not  a  nieasiire  of  quantity 
of  heat,  for  a  therinoineter  would  indicate  the  same  temperature  l)oth 
in  a  vess(‘l  cojdainini^  a  pint,  and  one  containing  a  gallon  of  boiling 
water,  although  it  is  evident  that  tme  must  contain  eight  times  as  much 
heat  as  the  other  ;  further,  to  raise  the  gallon  of  water  to  the  boiling 
point,  eight  times  tin*  amount  of  heat  necesary  to  similarly  raise  the 
pint  is  re([uired.  Tins  leads  to  the  mode  of  measuring  and  registering 
i/uanlity  of  heat.  Quantity  of  heat  is  measured  by  the  amount 
necessary  to  raise  a  certain  weight  of  some  body  from  one  tc 
another  fixed  temperature.  The  amount  of  heat  necessary  to 
raise  1  gram  of  water  from  0’  to  1°  C.  is  termed  a  Unit  of  Heat. 
From  this  it  follows  tliat  to  raise  2  grams  of  water  from  0°  to  1“  C. 
will  recpdre  2  Units  of  heat,  or  2  II.U.  between  the  freezing  and  the 
l)oiling  poiids,  approximately  the  same  amount  of  heat  is  necessary  to 
i-aise  1  gram  of  water  thiHjugh  any  1  degree  of  temperature,  so  that  to 
raise  1  gram  througli  2  dc'grees  will  re(|uire  a2)})ro.\imately  2  ll.U.  For 
j)ractically  all  juirjjoses,  it  may  1m'  taken  that  the  weigld  of  water  in 
grams  x  degi-(*es  of  teiiq)erature  through  which  it  must  ht^  i-aised  —  the 
number  of  H.U.  required. 

9.  Specific  Heat.  The  (piantity  of  heat  necessary  to  raise  the 
same  weight  of  ditleient  substances  through  1  degree  of  tenq)ei'ature 
varies  very  considerably.  The  quantity  of  heat  necessary  to  raise 
1  gram  of  any  substance  through  1  degree  of  temperature  is 
termed  its  Specific  Heat.  From  this  defiidtiou  it  follows  that  the 
speciHc  heat  of  water  at  0°  C.  is  1 ’00,  or  unity.  The  following  tabh* 
gives  the  sjiecific  heat  of  various  substances  : — 


Siiljtitiuice, 

AN'atet-, 

Sjn-citlc  Heat. 

l-oOooo 

■Vlcnhol, 

- 

- 

- 

O-Gl.nOO 

^ » las.s, 

- 

- 

- 

0-197(;8 

Iron,  - 

- 

- 

- 

0-1  1379 

Copper, 

- 

- 

- 

0-09391 

Aleicuiy, 

- 

- 

- 

0-03:!32 

G 
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If  c‘(|UiiI  weights  of  w;it('r  ;it  (lilll-fcnt  teinperatiirt's  Jii'o  mixed  togetlicf, 
tlie  result  is  ;i  mixture'  luiviii”- a  te'iiiperatui’e  tlie  mean  of  tin*  two;  thus 
a  ii'aHim  of  water  at  'JO  C.  mixed  witli  a  i^-allon  at  oO”  C.  will  produce 
a  mixture  at  tlie  tt'uipe'ratui'e  of  Gr)°  C.  I!ut  if  e(|ual  weililits  of  two 
suhstances  of  diiVerent  specific  heats  l)e  thus  mixed,  tlie  temjeerature 
of  tlu'  mixture  of  tlie  two  will  not  lie  a  mean  of  those  of  tlie  sulistances 
liut  will  he  nearer  that  of  the  suhstanc<>  ha\  in,>;'  tlie  higher  specific  heat. 
The  most  important  mixturi'  with  which  tlu'  haker  has  to  do  is  that  of 
flour  with  water,  as  the.  tenux'iaturi'  of  the  r(‘sultant  doipnii  is  a  matter 
of  \  ital  concern  to  him.  'J'he  results  are  comjilieated  hv  the  presence 
of  other  inuri'dients,  as  salt  inid  yenst,  and  also  in  practice  hv  loss  of 
heat  throui'h  ahsorj)tion  hy  the  sun'oundiiiys  of  the  douyh,  and  heat- 
generated  hy  chemical  action  amony  the  inyri'dients.  The  followinjr  are 
the  ri'sults  of  lahoratory  (‘xperinients  made'  hy  mixiny  to,i;('ther  Hour 
and  wati'f  only,  and  carefully  takiny  the  temperatures,  hut  not  allowing 
for  loss  of  heat  ahsorhed  hy  containiipy  vessels;  — 


.oOl) 

500 

.oUO 

DUO 

500 

500 


grams  of 

J ' 

M 


Hour  at  G7°  F. 
water  at  145°  F. 
Hour  at  ()7“  F. 
water  at  104°  F. 
Hour  at  G7°  F. 
water  at  t'G”  h". 


j-  =  1000  at  11S°  F. 
j-  =  1000  at  0:F  F. 

!-  =  1000  at  t^0'5°  F. 


Spc'citic  Heat. 

o-d;! 


0-4-' 

0-40 


The  sjiecilic  heats  are  calculated  fi'om  the  ahovi*  expi'riments  in  the 
following  manner  : — in  the  first  experiment,  500  grams  of  water  have 
fallen  from  145°  to  11S°,  that  is  '27%  during  which  they  must  have 
atl'orded  500  x  '27  =  15,500  11.1".  At  the  same  time  500  grams  of  Hour 
have  been  raised  from  G7°  to  118°,  that  is  through  51°,  which  is  ('ipial 
to  500  X  51  =  115,500  grams  through  1°,  and  to  do  this  !  .’gDOO  II.  F.  have 
heen  utilised  ;  then  to  raise  1  gram  through  1°  tlu'ie  has  hec'ii  taken 


15,500 


=  0-55  11.  U. 


55,500 

thei'('foi'(!  0  55  is  tlu'  spi'ciHc  lu'at  of  Hour  as  derivc'd  fi-om  this  exjteri- 


ment. 

A  nund)ei-  of  ohsi'rvations  have  also  heen  madi'  on  tin'  temperatures 
of  mixtures  madi*  in  tlu'  hakehouso  on  tlu'  large'  scah'  for  manufacturing 
purpose's.  TIu'  doughs  wvvo  machine-mixt'd,  and  no  alloN\anc('  is  made' 
foi-  the  salt  and  comin-e'ssed  yeast,  (juantities  of  which  wi'rt'  flu*  sanu'  in 
all  case's.  'I'he  ([uantif ie'.s,  te'inpe'i-atuivs,  anel  cidcuhite'd  spt'ciHc  heNits 
are'  give'll  in  tlu'  following  teihle  :  — 


WATKi:. 

Ki.oru. 

l)Ol-e;ii. 

Kl.en.-u. 

egiiiits. 

I.lllS. 

'renip. 

l.lis. 

-remj). 

ri'iiip. 

Spfritic 

Heat 

55 

155-5 

'.15 

505 

55-5° 

7!»  0° 

0-5!) 

51 

157-5 

1)0 

505 

50-0 

77*0 

0-50 

51 

157-5 

'J0° 

505 

50-0 

77-0’ 

0-50 

55 

155-5 

1)8° 

505 

55-0 

711-0 

0  4  5 

55 

155-5 

8'J= 

505 

55-0 

7G-0 

0-5G 

55 

155-5 

8'J 

505 

55  0 

7  GO 

0-5G 
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Tlu'  whole  of  tlu'se  figiiiH's,  it  imist  he  reiiu'Hihei'f'd.  iire  t hose  obtaiiu'd 
in  experimiMits  iiuuh'  uiuh'!'  eoiulitions  sueli  as  liold  in  the  lialvchoiise, 
and  re])r('sent  ratlun-  tlu'  result  of  aetual  workini',  than  tlu'orcdie  sj)eeitie 
heats  with  all  disturhin<;- causes  eliininnted.  In  the  ease  of  tlu*  mixtures 
made  at  tin*  hiu'her  temperatuiH's,  thei-(>  is  natui'ally  a  yi-eater  loss  of 
heat,  and  this  causes  an  increase  in  the  corresponding  a])))ai'ent  s])ecitic 
heats.  In  conseipnmce  of  this,  the  No.  1  Ijahoratory  J^xperiment  yives 
a  remarkably  hiyh  tiyurc* ;  lint  tlu'  whoh*  of  the  othei's  lie  faii'ly  closely 
together.  Comjiaring  those'  above  given  with  a  large*  numhe'i'  of  ohsei’va- 
tions  em  the  manutacturing  sciile*  since*  made*,  jiracticiilly  iill  the*  spe>citic 
heat  lesults  range*  betwee'ii  O'-Kl  and  O'-Io.  with  ii  me-an  of  O'dO,  to  which 
the  meijority  ajiproach  meist  closely.  Teiking  U’40  ;is  the  woilcing 
specific  heeit  eif  tioeir,  1  unit  by  we'ight  eif  wate*i’  in  falling  through  1“ 
I'jiises  If'.')  units  by  we'ight  ()f  lloui-  thremgli  the  same;  incre*me*nt  eif 
temperiiture* 

10.  SourCGS  of  Heat.  Itii'ectlyor  indirectly  ;ill  available  terres¬ 
trial  heat  is  preictically  elerived  from  the  sun:  its  immediate*  source*, 
luiwever,  for  manutactui'ing  operations  is  the  e'ombustion  eif  eliti'erent 
kinds  e)f  fuel  ;  these*  give  out  eliti'erent  amounts  of  heat  accoi'eling  to 
their  comiiositiem.  The  following  table  gi\e's  the*  number  of  he*at  units 
evolveel  by  the*  combineitiem  of  one  gram  of  each  substance  in  eixygen  : — 


1II:.\T  DKVELOPKl) 

Substance. 

Ilyelreigen, 

(kill  ton, 

Carbon  iMonoxiele, 
klarsh  Cas, 

(tletiiint  (bis. 
Alcohol,  - 
Welsh  Coal, 
Newcastle  Coal, 
Derbyshiri*  Coal, 
Coke, 

AN’ood  (elrieel  in  Jiir), 


iiUHixe;  co.Mmx.vriox. 

Fdi'uuila. 

Heat  riiitf*. 

lb. 

.•14,4(5 -2 

c 

s,0.^0 

C(') 

2,r,;u 

CH, 

111,  0(5  :l 

CbH, 

11,042 

CJbHO 

(5,000 

-  about  S,'J41 

d.220 

7 , 7  7  .'1 

7,000 

19 

.'I,.')  4  7 

11.  Expansion  by  Heat. — It  has  ahvaely  bee*n  mentioned  that 
in  most  c;ise*.s  bodies  expand  under  the*  iniiuence  of  he*at.  Solids  expand 
the  least,  tind  at  a  detinite*  rate*  for  each  jiarticular  solid  :  liejuids  have* 
;i  higher  rate  of  e*x]iiinsion,  each  still  having  its  own  spee'ial  rate*  ;  while* 
gases  expanel  tit  a  far  higher  reite*  than  either  liipuds  or  solids.  Ihe 
following  teible  gives  wdiat  are*  terme'el  the 

niCTWEEX  0°  .1X1)  100°  C. 


COEFKICIEXTS  OF  MXE.Mt  KXI'AXSIOXS  FOIi 

Clas.s,  -  O-OOOOOSbbi 
Platinum,  0-OOOOOSSI2 
Iron,  -  000001 2-J04 


r 

brass,  O-O000IS7S-2 
Leeul,  0-(J0002S.h7.u 
Zinc,  0-O0002!)417 


These  figures  me*an  that  e*ach  of  these  substance's  e*xpands  at  the  rate* 
expresseeel  by  its  own  coetlicie*nt  :  thus  1  foot  of  glass  at  0  C.  bi*comes 
l-OOOOOSOl;i  foot  long  at  1°  (t,  ami  .so  for  e*ach  ele'gree  rise*  in  tempe'ra 
ture.  When  a  boelv  is  heiite*el,  its  whole  thre*e*  elimi'iisions  of  course* 
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iiicmiHe,  and  tlie  coefiicients  of  cubical  cxjjaiision  of  solids  may  l)p  taken 
as  tliree  times  their  coelHcieiits  of  linear  expansion. 

The  ajiparent  exjiansion  of  li(juids  is  not  so  i^reat  as  tlie  real,  l)ecaiise 
the  vessels  in  whicli  they  are  contained  also  expand.  The  following 
table  gives  the 

TOTAL  APFARENT  EXPANSIONS  OF  LIQUIDS  BETWEEN  0^  AND  100°  C. 

.Mercury,  -  O-Olndll  1  Fixed  Oils,  O-O.s 

Distilled  Water,  O'O-IGG  |  Alcohol,  OdlG 

The  coeflicient  of  ajiparent  e.xj)ansion  for  1  C.  is  obtaiiu'd  by  dividing 
these,  numbers  by  100.  thus  that  for  mercury  is  O’OOOl Mercui'v 
exjiands  at  a  jiractically  comstant  rate  from  -  3G°  to  100°  C.  ;  water, 
however,  contracts  in  rising  from  0°  to  -1°,  and  then  exjiands  from  -1°  to 
1 00°  C. 

12.  Expansion  and  Contraction  of  Gases.— There  are  cer¬ 
tain  reasons  which  lead  us  to  sujipose  that  at  a  temjK'rature  of  —  ilT.'F  C. 
bodies  would  be  entirely  devoifl  of  heat.  This  point  —  273’  C.  is 
therefore  often  termed  the  absolute  zero  of  temperature  ;  and 
temperature  reckoned  therefrom  is  termed  “absolute  tempera¬ 
ture.”  The  absolute  temjierature  of  a  body  is  its  temjierature  in 
degrees  C. +  27.'?.  All  gases  exjiand  with  increase,  and  contract  with 
diminution,  of  temjierature.  The  amount  of  exjiansion  and  contraction 
is  the  same  for  all  gases  between  the  same  limits  of  temjierature,  pro- 
vidi'd  the  temjierature  is  considerably  higher  than  that  at  which  tlu*y 
condense  to  liquids.  The  volume  of  all  gases  is  directly  propor¬ 
tional  to  their  absolute  temperature.  15ecau.se  of  this  variation 
with  temjierature  it  is  necessary  to  fix  a  temperature  which 
shall  be  considered  as  a  standard  in  expressing  the  volume  of 
gas  :  0°  0.  is  commonly  adopted  for  this  purpose. 

Knowing  the  \’olume  of  a  gas  at  any  one  temjierature,  its  volume  at 
anv  other  may  be  (‘asily  calculated  ;  thus,  a  vessel  was  found  to  contain 
ThO  c.c.  of  air  at  15°  C.  ;  it  is  required  to  lind  its  volume  at  tlu'  standard 
temjierature. 

15°  C.  -f  272  =  288°  Absoluti'  Temjierature. 

0°C. -f27;3  =  272° 

As  288  :  272  ::  750  :  711  c.c.  of  gas  at  standaid  temjierature. 

13.  Belation  of  Pressure  and  Volume  of  Gases. — It  is 

convenient  lu'ri'  to  not(‘  that  the  volume  of  a  gas  is  also  atlected  liy 
the  jiressure  to  which  it  is  subjecd'd  :  this  var  iation  is  go\erned  by 
what  is  cidled  Doyle  and  Marriotte's  Law — The  volume  of  any  gas 
is  inversely  proportional  to  the  pressure  to  which  it  is  sub¬ 
jected.  The  most  imjioi-tant  variations  of  jirc'ssui’e  to  which  gases 
are  liable  ai-e  those  resulting  from  the  changres  in  jii'essui'i'  of  the 
atmosjihere.  The  Indglit  of  the  mei’cury  column  of  tlu'  baronu'ter  is  a 
dii’cct  iiK'asui’e  of  the  jiressuri'  of  tlu*  atmosjihere.  thei'cfore  that 
jiri'.ssure  is  commonly  exjires.sed  in  the  numbm-  of  millinu'tres  fm.m.) 
which  that  column  is  high.  For  purposes  of  compai’ison  it  is  also 
necessary  to  reduce  all  pressures  to  one  standard ;  that  se¬ 
lected  is  an  atmospheric  pressure  which  causes  the  barometer 
to  stand  at  760  millimetres. 
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The  tpni|)(>rature  aiid  pressure  (pioti'd  as  standards  for  nas  iiieasui'e- 
iiieiit,  0"  C.  and  7G0  in.iu.  an*  often  termed  normal  temperature  and 
pressure;  for  this  expression  tlu'  al)hreviation,  “  N.  T.  P.”  is  frecpiently 
used. 

14.  Transmission  of  Heat.-  It  is  well  known  that  wlien  one 
part  of  a  body  or  place  is  lieated,  the  other  ])arts  also  l)eeonH!  hot  more 
or  less  (juickly.  Some  exidanation  of  how  such  transmission  is  ejected 
must  now  be  ,>;iven.  There  are  three  methods  by  which  heat  can 
be  transmitted  from  one  point  to  another,  which  are  termed 
respectively  Convection,  Conduction,  and  Radiation. 

15.  Convection.  As  the  word  convection  implicrs,  a  place  or  mass 
is  heated  l)y  the  heated  matter  Ixdne;  conveyed  from  one  place  to  another. 
This  kind  of  heating'  can  only  occur  in  li(|uids  or  ^ases  where  the 
j)articles  of  matter  can  move  freely.  One  of  tlie  b(‘st  illustrathms  of 
convection  is  the  heating  of  an  ordinary  vessel  of  water  by  the  placing 
of  a  tire  underneath  ;  the  layer  of  water  at  the  bottom  first  gets  hot, 
and  conseipiently  expands  and  becomes  of  lower  sj»ecitic  grav  ity.  As  a 
result  of  being  lighter,  it  therefore  rises  to  the  surface,  and  its  place  is 
taken  by  other  water  which  is  colder  and  denser.  This  in  its  turn  is 
heated  and  rises  ;  continuous  currents  of  warm  water  ascend  through 
the  li(juid,  and  colder  water  descends  to  take  its  })lace.  In  this  way 
the  whole  mass  is  gradually  made  hot.  The  heating  of  the  water  in  a 
sui)ph"  cistern  on  the  top  of  a  building  by  currents  through  How  and 
return  jiipes  from  a  small  boiler  in  the  basement  is  due  to  convection. 
.So,  too,  the  ventilation  of  a  building  is  naturally  caused  in  the  .sanu! 
way — heated  air  ascends  and  makes  its  way  through  exits  at  the 
highest  point,  while  cold  air  enters  through  the  joints  of  doors  and 
wimhjws  or  apertures  specially  provided  for  the  purpose.  It  will  be 
seen  that  convection  is  a  mode  of  distributing  heat  through  a 
mass  of  either  liquid  or  gas  by  means  of  moving  currents, 
such  currents  being  usually  produced  by  differences  in  density 
due  to  expansion  caused  by  the  source  of  heat  itself 

16-  Conduction.  —  Instances  are  well  known  in  which  the  applica¬ 
tion  of  heat  to  any  one  point  of  a  solid  causes  the  whole  mass  to  become 
hot.  Thus,  if  the  end  of  a  bar  of  iron  Ix'  jilaced  in  the  tire,  the  other 
end  gradually  increases  in  tempei'atui-e.  This  cannot  b(!  due  to  con¬ 
vection,  but  is  due  to  the  heating  etiect  which  the  hot  particles  of  the 
body  have  on  the  contiguous  j)articles.  In  these  cases  the  heat  is  sai<l 
to  be  transmitted  Ijy  conduction.  Conduction  is  that  method  of 
transmitting  heat  in  which  the  heat  passes  from  the  hotter 
particles  of  a  body  to  the  colder  ones  lying  in  contact  with 
them,  and  so  throughout  the  whole  body- 

Theiv  aie  with;  differences  in  the  jiower  of  conducting  heat  displayed 
by  various  substances;  tlius,  if  a  Ijar  of  coj>|)ei-  be  heated  in  thti  same 
wav  as  sugm-sted  for  the  ii'on,  tlu^  further  end  becomes  hot  far  more 
rapidly,  if,  instead,  a  rod  of  glass  or  porcelain  b(‘  he.ati'd,  the  outer 
end  gets  hot  only  with  (‘.xticmu^  slowness.  It  must  theretore  lx*  r(“mem- 
bered  that  some  .substances  conduct  heat  much  more  rapidly 
than  others.  The  nu'tals  as  a  class  are  gixxl  conductors,  although 
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tlioi'P  ;ir('  urciit  (lilfcrciiccs  lirtween  tlicin.  Porcelain,  tiles,  .iflass,  and 
eartliy  .snl)staiices  are  ii(‘iH'ralIy  Oarl  conductors,  so  also  ai'e  most  lK)dies 
of  animal  or  \e^(*tal)l(>  orii^in,  as,  for  (‘xamjtle,  felt,  wool,  and  wood. 
W'ater  is  a  dad  conductoi',  and  so  an*  tin*  least's.  ^\ir  is  om*  of  the  wor.-t 
ii(*at  conductors  known,  cons(*(|U(‘ntly  porous  mas.ses,  as  slai*'  wool  and 
fossil  ('arth,  conduct  veiy  hadly,  not  onlvfrom  their  own  non  conductinj^ 
pow(*r,  hut  h(‘caus('  of  tin*  air  r('tained  in  their  interstic<*s.  ()wino  to 
their  vi-ry  slight  conducting  j)ro])ei'tii*s,  wool,  glass,  hi-icks,  and  similar 
hodi<‘s  ar(*  fre(|m*ntly  ti'rmed  non  conductoi*s.  The  following  table  giv(*s 
the  comjiarative  conducting  2>o"T‘r  of  a  few  substances,  silver  being 
takc'ii  as  1  (lO. 

C'OMl'AUATIVE  I'OWEIiS  OF  CONDl’CTI VITY. 

Silver, 

Co])per, 


Iron 
Lead 
31arl 
Porcelain. 

Prick  Earth, 

17.  Padiation.— It  has 
sulrstance  is  hot,  its  i)articles 


100 
7  o 
10 
s 

about  '2 
1 


been  already  ex])lained  that  when  a- 
are  in  a  state  of  motion  :  under  circum 
stand's  in  which  transmission  of  heat  by  con^•ection  and  conduction  i?; 
imi)ossibl(‘,  one  body  may  yet  be  heat(*d  by  another.  '1  he  e.\])lanation 
now  generally  accepted  is,  that  all  space  is  permeated  by  a  highly  elastic 
imponderabh*  body  to  which  the  name  of  ether  has  been  gi\  en,  which 
is  capable  of  being  set  in  undulatory  motion  by  appropriate  agitation. 
The  \'iolently  moving  jjarticles  of  a  hot  body  in  the  act  of  vil)ration 
strike  against  this  (‘th(*r,  setting  up  in  it  a  si'iies  of  waves.  These 
waves  spr<*ad  in  all  directions,  and  on  impinging  against  a  cold  body, 
cause  its  particles  also  to  assume  a  state  of  vibration — that  is,  they 
make  the  substance  hot.  In  this  way  heat  passes  from  one  body 
to  the  other,  not,  however,  as  hot  matter,  but  as  a  peculiar 
wave-like  motion  in  the  substance  called  ether.  This  is  known 
as  “  Radiation”  of  Heat,  and  is  independent  of  the  temperature 
of  the  medium  through  which  radiation  <'ccurs. 

Radiation  occurs  in  straight  line's  in  all  directions  from  the*  body 
which  is  (*vol\  ing  lu'at,  and  follows  the*  same  general  laws  of  n'lh'ction 
as  those*  which  gove'rn  light.  At  the  same  t(*mp(*ratur(*  dil!’e*r(*nt  bodie's 
i-adiate  h(*at  at  diti'en'iit  i-ate's.  The*  rats  of  radiation  is  ath*ct(*d  both 
by  the*  nature*  eif  the  I’aeliating  material  anel  ;dso  the*  e-eemlitieen  of  its 
surface*,  whe*the*r  rough  eir  smoeeth.  1 1  ighly  polished  surfeioes  i-aeliate* 
l(*ss  i*apiilly  than  theise*  which  are*  re)Ughene*el.  P>e*ing  maintaineel  at  the* 
.sjimee  te*mpe*ratur(*,  the*  feelleewing  table*  gices  the*  ceimparati vee  raelieiting 
peewe*r  eef  elill'e*re*nt.  beeelie's  :  — 


COM  I'AKATIVI 
Ijamphhiclc  (Seeeet), 
\\'hite*  Le*!iel, 
Tarnishe*el  Lt'iiel, 
Pe)lishe*el  Irem, 

I !urinshe*el  Sil\e*r, 


I’OWElt  OF  UAielA' 


IN. 


1(10 

100 

47) 

17) 
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When  hot,  surfiif(‘s  of  clay  ami  hriclc  ai'O  yood  i-adiators  of  heat,  so  also 
an'  Those  of  llaniu*!  and  otlmr  like  sul)staiic(*s. 

In  order  that  bodic's  may  be  lu'ated  by  radiant  heat,  it  is  neei'ssarv 
that  they  jiossess  the  powei-  of  absorbiin>-  such  heat  — like  I'adiation. 
this  po\v(‘r  of  absor))tion  also  varii's  with  diti'erent  bodies.  Those  whieli 
are  yood  I'adiatoi’s  of  heat  are  yood  absorbents,  and  pi-aetically  the  table- 
showiny  pow('r  of  i-adiation  eijnally  ap2)li('s  to  power  of  absoi'jition. 

18.  Mechanical  Equivalent  of  Heat  It  has  already  Ix'en 
.stated  that  heat  is  produced  when  mechanical  woi'k  is  absorbed  bv 
friction  or  percussion,  as  when  nail-rod  is  heatc'd  by  rep(*ated  l)lows  of 
the  hammer.  Careful  measurements  have  shown  that  the  work  done 
by  1  lb,  falling  through  772  feet  (or  772  ft. -lbs.),  is  capable  of 
raising  the  temperature  of  1  lb.  of  water  1°  F.  :  this  amount  is 
therefore  termed  the  Mechanical  Equivalent  of  Heat.  From 
this  the  value  in  degret's  (Jentiyrade  is  easily  calculated,  being  of 
772=  ].‘190  ft. -lbs.  of  work  to  raise  1  lb.  of  water  thi'ough  1°  Centigrade. 

INTRODUCTORY  CIIKMIC.VL  PRINCI  PLF.S. 

19.  Definition  of  Chemistry. — Chemistry  has  well  been  defined 
as  that  scit'iice  which  treats  of  the  composition  of  matter,  of  changes 
produced  therein  by  certain  natural  forces,  and  of  the  .action  and 
reaction  of  diflerent  kinds  of  matter  on  each  other.  It  follows  that  th<' 
Chemistry  of  Wheat,  Flour,  and  Bread  may  be  defined  as  that 
branch  ot  the  science  which  treats  of  the  composition  of  these 
bodies,  of  the  changes  they  undergo  when  subjected  to  the 
action  of  certain  natural  forces,  and  of  the  action  and  reaction 
of  these  and  other  kinds  of  matter  on  each  other. 

20.  Introductory  Study  necessary. — An  elementary  coui-s  • 
of  study  of  the  general  principles  of  chemistry  must  ju'ecede  that  of 
any  jiarticular  branch  of  the  applied  science.  Such  a  coursi*  should 
include  the  i)reparation  and  pi'operties  of  the  commoner  elements  and 
their  compounds,  the  ])iinciples  of  (pialitative  analysis,  and  the  simpler 
laws  govei’iiing  chemical  acti(tn  and  cond)ination.  For  this  purpose, 
“Jago's  Elc'inentarv  Chemisti'V,  I  heoretical  and  Practical,’  ])ublishe.l 
by  Messrs.  Longmans  lir  Co.,  may  lie  enpiloyed.  For  convenience  of 
reference*,  a  shoit  description  follows  of  the  most  important  chemical 
laws,  and  also  of  such  ('lements  and  compounds  as  are  closely  connected 
with  the  clu'mistry  of  wheat,  (lour,  and  lu'eail.  This  brief  account 
must  not,  howevei-,  be  accejited  as  a  substitute  for  a  .systi'inatic  course 
of  study  of  eh'mentaiy  chemistiy. 

21.  Indestructibility  of  Matter,  -(.'hemical  ch.anges  are  often 
accompanif'd  by  very  gr<'at  alterations  in  tlu'  ap])ea!’;i.nce  and  jirojierties 
of  the  bodies  involvc'il  ;  for  e.xaniple,  when  a  candle  is  burned  it  almost 
entii-f'ly  disappears,  but  altliough  it  no  longei’  remains  in  the'  solid  state, 
all  its  constituents  exist  as  gases,  and  tlu'se  weigh  exactlv  tlu'  sana' 
as  did  the  candle,  plus  the  o.xygen  of  tlu'  air  with  winch  they  haw* 
combimal.  Matter  is  indestructible,  find,  consequently,  the  same 
weight  of  material  remains  after  any  and  every  chemical  change 
as  there  was  before  its  commencement. 
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22  Preliminary  Definitions-  -It  is  important  that  at  the  out¬ 
set  accurate'  and  ceuicisp  ideas  are  gained  of  tlie  nu'aidnif  of  various 
elu'inical  tei'ins.  Altliouijh  matter  assumes  so  many  divt>i-sitied  foi'ins, 
yet  all  bodies,  on  bein';'  suhjecte'd  to  chemical  analysis,  are  found  to 
consist  of  one  or  more  o:  a  class  of  between  sixty  and  seventy  substances, 
which  are  termed  “elements.” 

An  Element  is  a  substance  which  has  never  been  separated 
into  two  or  more  dissimilar  substances. 

While  the  letters  of  the  alphabet  are  few,  the  number  of  woi-ds  which 
can  he  formed  from  them  is  practically  intinite* ;  so,  in  a  somewhat 
similar  fashion,  from  the  comparatively  small  numb(*r  of  elements 
which  constitutti  the  “alphabet”  of  chemistry,  there  may  be  built  up 
an  immense  number  of  chemical  compounds. 

A  compound  is  a  body  produced  by  the  union  of  two  or  more 
elements  in  definite  proportions,  and,  consequently,  is  a  sub¬ 
stance  which  can  be  separated  into  two  or  more  dissimilar 
bodies.  Compounds  ditler  in  appearance  and  characteristics  from  theii' 
constituent  elements. 

The  term  “Mixture”  is  applied  to  a  substance  produced  by 
the  mere  blending  of  two  or  more  bodies,  elements  or  com¬ 
pounds,  in  any  proportion,  without  union.  Each  component  of 
a  mixture  still  retains  its  own  properties,  aiul  se2)aration  ma\’  be  elfected 
by  mechanical  means. 


23.  List  of  Elements. 

— The  follow 

ing  is  a  list  of  some 

of  the  more 

mj)oi'tant  elements,  together 

with  their  symbols  and 

Coinliiniii: 

other  ])articulars:  - 

i  or  Atoiiiieitv  or 

Nnme. 

Symbiil. 

Atiiiiiic  Weight.  (;iiantiv:ilenc-e. 

old.  New. 

Aluminium, 

A1 

27 

2  7 '4 

IV 

llarium, 

1  >a 

Pi  7 

l.bd'S 

11 

llORON, 

P 

1  1 

1  1  -0 

HI 

IbiOMlXE,  - 

Pr 

SO 

70 '7.0 

1 

Calcium,  - 

Ca 

-p» 

40-0 

II 

Cakron, 

C 

12 

1  1  07 

IV 

CllLOIMNK, 

Cl 

.2.0  •■) 

4.-) '47 

I 

Chromium, 

Cl- 

.■)2'.o 

0  2- 1 

VI 

Cojtper  (Cuiu'um), 

Cu 

(l.-t 

(i;!'0 

11 

Fll'ohink, - 

E 

11) 

lO'l 

I 

llVDliOOKN, 

H 

1 

I'O 

1 

Iodine, 

1 

127 

1  2(:'.b4 

1 

Iron  (Ferrum),  - 

Fe 

bd 

.b.b'O 

VI 

Lead  ( IMumbum ), 

Pb 

20() 

204  4 

IV 

IMagnesium, 

Mg 

24 

24-04 

II 

Manganese, 

.Mn 

.■).b 

.0  1  'S 

VI 

.Mc'i'cury  ( 1 1 vdrargyrum),  Hg 

200 

100-S 

11 

Nitrooen, 

N 

14 

11-01 

\- 

()\V(iEN, 

( ) 

k; 

i.'i-od 

II 

IhiosRiioRrs, 

P 

;u 

40'0(‘) 

V 

Platinum,  - 

Pt 

107 

io(;-7 

IV 

Potassium, 

K 

.40 

40-01 

1 
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Xiinie. 

Synibi)!. 

e’otiiliiiiiii};  cir 
.Vtiimic  VVemlit 

.Atejniicity  <>r 
Qiiiuitlviileiice. 

Silver  (Argentum), 

Ag 

01(1. 

108 

Nttw. 

1  UTdiG 

I 

Silicon', 

Si 

28 

28-0 

IV 

Seedium  (Nati'ium), 

Na 

22 

22 -UO 

I 

SCLI'IIUU,  - 

S 

;12 

;5i-y8 

VI 

Tin  (Stannum),  - 

Sn 

118 

117-8 

IV 

Zinc, 

Zn 

Go 

G4-t) 

11 

24.  Metals  and  Metalloids.  Tlie  elements  are  divided  into  two 
ynmp.s,  termed  respectively  “  iMetals,’’ and  “  ^Metalloids  ”  oi-  non-metals. 
The  noTi-metals  are  distin<fuished  in  the  t'oren'oin^i^  table  by  bein^  print('d 
in  small  capitals.  The  line  of  division  between  the  two  classes  is  not 
very  marked,  the  one  ,i>rom)  , gradually  mergiiif;’  into  the  other.  The 
metals,  as  a  class,  are  ojanjiie  bodies,  having  a  peculiai'  lustre  known  a.s 
metallic ;  they  are  usually  good  conductors  of  heat  and  eh'ctricity. 
Two  of  the  elements,  mercury  and  bromine,  are  liijuid  at  ordinary  tem¬ 
peratures,  while  h^'drogen,  oxygen,  nitrogen,  and  chlorine  are  gaseous. 

25.  Symbols  and  Formulae.-  -The  symbols  are  abbreviations  of 
the  names  of  the  elements,  and,  where  practicable,  consist  of  the  first 
letter  of  the  Latin  names.  When  two  or  more  elements  have  names 
commencing  with  the  same  letter,  it  l)ecomes  neces.sary  to  distinguish 
them  from  each  other  b}’  restricting  the  initial  letter  to  the  mo.st  im- 
l)ortant  element,  and  selecting  two  letters  as  the  symbol  of  each  of  the 
others.  Thus,  carbon  and  chlorine  each  commence  with  C,”  that 
letter  is  chosen  as  the  symbol  of  carbon,  while  that  of  chlorine  is  Cl. 

As  all  compound  bodies  consist  of  elements  united  together,  they  may 
be  conveniently  expres.sed  symbolically  by  placing  side  by  side  the 
symbols  of  the  co7istituent  elements  :  the  synd)ol  of  a  comj)ound  is 
termed  its  formula.  Thus,  common  salt  consists  of  chloiane  and 
.sodium  ;  its  formula  is  accordingly  written,  XaCl. 

26.  Further  uses  of  Symbols  and  Formulse:  law  of 
chemical  combination  by  weight. — Simply  as  abbreviations  of 
the  full  names,  syndjols  and  formula*  are  of  g7’eat  service  ;  this,  howevei’, 
is  but  a  small  part  of  their  significance  and  value  to  the  chemist.  Theii- 
further  use  may  best  be  e.x])l!iined  by  refeivnce  to  certain  information 
gained  by  exj)eriment,  to  which  cai'eful  attention  is  i-e(piested.  On 
analysis,  it  is  found  that  .'IG'n  ounces  of  the  substance  known  as  hydro- 
ehloi-ic  acid  consist  of  1  ounces  of  hydrogen,  combined  with  .'bo-.o  ounces 
of  chlorine  ;  also,  that  in  .oS".')  ounces  of  common  salt  there  are 
ounces  of  chloriiu!  to  :i.‘5  of  sodium.  Taking  wat('r  as  another  instance 
of  a  hydrogen  compound,  analysis  shows  that  its  composition  may  be 
e.xj)r(*ssed  by  the  stat(‘ment,  that  18  ounce's  of  wat('i-  consist  of  ’2  ounces 
of  hydrogen  combiiH'd  with  IG  ounces  of  oxygen.  In  the  table  given 
on  l)ag(7  12  theic  is  a  column,  hejuh'd  “Combiinngor  Atomic  ^\"eigbt  ; 
on  referi'ing  to  this  it  will  be*  fe)unel  that  the  numbe'i's  op])e)site  hyelrogen, 
ehlea-ine*,  soelium,  and  oxyge'ii,  are*,  resp(*cti\’e*ly,  1,  .'bo-.G,  22»,  anel  I  G,  being 
(with  eme*  (*xce*ptie)n)  identie-al  with  those*  that  have*  just  lie'cn  gi\e'n  as 
the*  numbers  e)btaine*el  by  analysis  of  the*  ceempejunds  uneler  ce)nside*ration. 
It  is  possible  to  assign  to  every  element  a  number,  which 
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number,  or  its  multiple,  shall  represent  the  proportionate 
quantity  by  weight  of  that  element  which  enters  into  any 
chemical  compound.  These  numbers  are  termed  the  “  Com¬ 
bining  or  Atomic  Weights”  of  the  elements,  and  are  deduced 
from  results  obtained  on  actual  analysis.  Tn  addition  to  its  use 
as  an  alilavviated  title  of  an_v  element,  the  symbol  represents  the 
quantity  of  the  element  indicated  by  its  combining  weight ; 
where  inultij)les  of  that  ([uantity  exist  in  a  eompound,  the  fact  is  ex¬ 
pressed  hy  ])laein,ij  a.  small  Hyure  after  the  symbol  and  sliyhtly  Ixdow 
the  line.  In  the  tahh'  of  elements  there  are  two  columns  of  eomhining 
weights  given,  headed  lespectively  ‘•Old”  and  “New;"'  the  second 
column  gives  those  obtained  by  ,Stas  as  a  result  of  recent  reseai'ches. 
For  most  purposes  the  weights  given  in  the  first  column  are  sulliciently 
accurate. 

As  previously  stated,  the  foianula  of  sodium  chloride  is  XaCl,  and  it 
contains  'I'-)  of  sodium  to  .'bl-.j  of  chlorine.  The  formula  of  hydrochloric 
a.cid  is  liCl,  and  it  coiitadiis  1  of  hydrogen  to  Ibo-.j  jiarts  of  chlorine. 
Water  consists  of  ”  parts  of  In’drogen  to  Ki  of  oxygen  ;  the  fact  that  it 
contains  twice  tlu'  combining  weight  of  hydrogen  is  expressed  by  writing 
the  formula,  ).  Again,  ammonia  contains  3  parts  by  weight  of 
hvdrogen  to  14  parts  of  nitrogen,  conseiiuently  it  has  the  foinmhi,  XH., : 
the  substance  commonly  termed  carbonic  acid  gas  consists  of  .33  parts, 
or  twice  the  combining  weight,  of  oxygen  to  13  by  weight  of  c  arbon,  tlu' 
formula  is  consequently  C(A.  The  quantity  of  an  element  repre¬ 
sented  by  its  combining  weight  is  termed  “one  combining 
proportion”  of  that  element. 

27.  Constitutional  Formulae.  -  -In  addition  to  simi)ly  showing 
the  numlier  of  atoms  of  each  element  jiresent,  formuhe  are  fi-eciuently 
so  written  as  to  show  the  jirobable  constitution  of  the  molecule;  such 
formuhe  are  termed  “Constitutional  Formuhe.” 

2S.  Chemical  Equations  -Chemic’al  changes  are  most  con¬ 
veniently  e.xprc'ssed  b\'  what  are  termed  “cluMiiical  etpiiitions  :  ”  these 
consist  of  till'  svn.bols  and  formula*  of  the  bodies  participating,  [ilaced 
Ix'fore  th('  sign=,  while  those  of  the  lesiiltant  bodies  follow.  As  an 
instance  it  may  be*  mentioned  that,  w  hen  a  solution  of  potassium  iodide 
is  added  to  one  of  mercury  chloi'ide,  potassium  chloride  and  mercury 
iodide  are  ))roduced.  The  equation  rej)rc-senting  this  chenneal  action 
is  written  thus  : — 

3KI  -f  HgCL,  =  3KC1  s-  llgh. 

Pdtasyilini  Ituiide.  .Mercury  C’hluriiie.  IVitassiuui  (’hloride.  .Mercury  UkUiIc. 

Ila\  ing  access  to  a  table  of  combining  weights,  the  chemist  learns 
from  this  equation  that  two  parts  of  potassium  iodide,  each  containing 
one  combining  ]iro])ortion  of  potassium  wi'ighing  .‘ill,  and  om*  of  iodine 
weighing  137,  together  with  one  pai't  of  mei-cury  chloride,  contaiinng 
one  coinliining  proportion  of  mercury  weighing  3U0,  and  two  of  chlorine 
eac'h  w'eighing  hnnh  ;  togeth(‘i'  yield"  or  produce  two  parts  of  potassium 
chlorid(‘,  each  tonsisting  of  one  combining  proportion  of  potassium 
weighing  31),  and  one  of  chlorine  weighing  3n-;)  ;  and  oiu*  p.art  of  mer¬ 
cury  iodide,  containing  one  combining  pro))ortion  of  ineixairy  wi'ighing 
30.),  and  two  combining  proportions  of  iodine  each  wi'ighing  137.  -Vs 
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no  (.-lieinioal  cluui,<;v  iitlects  tlio  weight  or  matter,  the  weight  of  the 
<|uantity  of  a  eompouiul,  represenh'd  l)y  its  formula,  must  lie  tlio  sum 
of  that  of  the  eonstituent  elements:  so,  too,  the  weight  of  tlu;  hotlies 
resulting  from  a  cliemical  change  must  he  the  same  as  that  of  the  ho(li(!s 
hefore  the  change,  whatever  it  ma}'  he,  had  occurred.  Although  from 
a  chemical  equation  and  table  of  coiiduning  weights,  it  is  jiossilile  to 
•state  what  relative  weight  of  each  element  is  concerned  in  any  chemical 
action,  it  must  never  be  forgotten  that  the  combining  weights  were 
first  determined  by  experiment  and  then  the  table  compiled 
therefrom.  The  statement  of  jiremiseand  deduction  is,  that  hydrogen 
and  chlorine  have  respectively  the,  combiidng  weights  of  1  and  .‘lo-o 
iissigned  to  them,  becaust'  analysis  shows  that  they  combine  in  those 
propoi  tions :  not  that  hydrogen  and  chlorine  have  as  ca)mbiinng 
weights  1  and  do-o,  and  therefore  they  must  combine  in  those  pi'o- 
portions.  'I'he  combining  weights  ure  simj)ly  a  tabulai-  e.xpression  of 
results  obtained  by  practical  analytic  investigation.  This  cannot  be  too 
strongly  insisted  on  ;  ask  many  a  ymung  chemical  student  how  it  is 
known  tliat  hydrochloric  acid  consists  of  1  by  weight  of  hydi'ogen  and 
d5-5  of  chlorine,  and  he  will  answer  “because  those  are  the  combining 
weights  of  the  element.s.”  Ask  him  how  it  is  known  that  1  and  d5-5 
are  the  combining  weights  of  hydrogen  and  chlorine,  and  he  will  not 
have  the  slightest  idea  that  they  are  simply  deductions  from  e.xperi- 
mentally  obtained  results.  For  this  state  of  things  many  of  the  older 
text-books  are  largeh’  responsible. 

29.  Atoms  and  Molecules. — The  fact  that  the  quantity  of  every 
element  which  enters  into  coiid)ination  is  either  a  certain  delinite  and 
unchangeable  weight,  or  a  multi})le  of  that  weight,  led  chemists  to  feel 
that  this  weight  of  a  combining  proportion  of  an  element  is  in  some 
way  associated  witli  its  physical  nature.  'Die  iirst  step  toward  the 
e.xplanation  of  tliis  (juestion  is  due  to  Italton.  wlio  enunciated  what  is 
tei’ined  the  Atomic  Theory.  He  assumed  that  all  matter  is  built  up  of 
e.xtremely  small  particles,  which  are  indivisible,  and  that  wlum  elements 
combine,  it  is  between  the.se  paiticles  that  the  act  of  union  occurs. 
The.se  ultimate^  pai'ticles  of  matter  are  termed  “Atoms.”  The  nanu^ 
“atom  ”  is  deri\ed  from  the  (Ireek,  and  signities  that  which  is  indivisi¬ 
ble.  Atoms  of  the  same  element  are  suj)posed  to  lie  of  tin*  same  size 
and  w(*ight.  AN  itli  the  absolute  weight  of  iitonis  the  chemical  student 
has  but  little  to  do  :  the  })rincij)al  point  of  importance  for  him  is  tlu'ir 
relati\'e  weights  compared  with  e;ich  othei’.  For  cliemical  purposes,  an 
atom  may  ba  defined  as  the  .smallest  particle  of  an  element 
which  enters  into,  or  is  expelled  from,  a  chemical  compound. 
For  the  phrase,  “combining  proportion,”  hitherto  used,  the 
term  “Atom”  may  be  substituted;  the  combining  weight 
then  becomes  the  relative  weight  of  the  atom  of  each  element 
compared  with  that  of  hydrogen,  which,  being  the  lightest,  is 
taken  as  unity.  Though  the  atomic  theory  does  not  admit  of  alrsolutc 
jiroof,  3'ct  it  so  amply  a, ml  consistently  explains  all  tin*  plumoimma  of 
chemistry  that  its  es.sential  principles  are  universally  recognised. 

The  little  group  of  atoms  i-ejiresented  by  the  formula  of  a  compound 
is  termeil  a  “  molecule.”  A  molecule  is  the  smallest  possible  par- 
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tide  of  a  substance  which  can  exist  alone.  In  the  case  of 
chemical  coinpounds,  the  molecule  Ctaiinot  !)(>  further  sulKlivided,  excejit 
by  separation  into  the  atoms  of  its  constituent  ehunent.s,  oi'  into  two  or 
more  molecules  of  some  simpler  chemical  compouml  or  compounds. 
When  elements  are  in  the  free  or  uncombined  state,  their  atoms  usually 
cond)ine  togetlicr  to  form  elementaiy  molecules:  thus  with  oxygen,  two 
atoms  unite  to  form  a  molecule  of  oxygen;  the  formula  of  the  oxygen 
molecule  is  written,  (b. 

The  molecules  of  the  following  elements  contain  two  atoms: — hydro¬ 
gen,  chlorine,  oxygen,  sulphur,  and  nitrogen. 

As  all  elements  noianally  exist  in  the  molecular  state,  it  is  advisable 
to  always  use  eipiations  in  which  the  lowe.st  (juantity  of  any  element 
present  is  a  molecule.  Thu.s,  If , CU  =  21101,  should  be  written  as  the 
eciuation  reju’esenting  the  combination  of  hydrogen  and  chlorine,  rather 
than  H  + Cl  =  1101.  ‘ 

30.  Avogadro’s  Law. — The  fact  that  all  gases,  whether  ele¬ 
mentary  or  compound,  e.xpand  and  contract  at  exactly  the  same  rate, 
when  subjected  to  variations  of  temperature  and  jiressure,  has  an 
important  bearing  on  their  probable  molecular  constitution.  Their 
similarity  in  this  respect  has  led  to  the  assumption  expressed  in  the 
“  Law  of  Avogadro”: — “  Under  similar  conditions  of  temperature 
and  pressure,  equal  volumes  of  all  gases  contain  the  same 
number  of  molecules.”  From  this  it  follows,  that  at  the  same 
temperature  and  undei’  the  same  pressure,  the  volume  of  any  ga.seous 
molecule  is  the  same  whatever  may  be  the  nature  and  composition  of 
the  ga.s.  The  density  of  a  gas  being  known,  its  molecular  weight  is 
easily  calculated.  The  density  of  a  gas  is  the  weight  of  any  volume, 
compared  with  that  of  the  same  volume  of  hydrogen,  measured  at  the 
same  temjierature  and  pressure,  and  taken  as  unity.  It  has  already 
been  stated  that  the  molecule  of  hydrogen  contains  two  atoms ;  its 
molecular  weight,  e.xpri'ssed  in  terms  of  its  atomic  weight,  is  conserjuently 
2.  The  molecular  weight  of  any  gas  is  the  weight  of  that 
volume  which  occupies  the  same  space  as  does  two  parts  by 
weight  of  hydrogen  ;  or  is  identical  with  the  number  obtained  by 
doubling  the  density.  Similar  conditions  of  t(*mperature  and  })ressun‘ 
are  always  understood  in  speakijig  of  the  comparative'  weights  of  gases. 
Conver.se'ly,  as  the  molecular  we'ight  is  the  sum  of  tlu'  weights  of  the 
constituent  atoms,  the  density  of  a  gas  may  be  determined  from  its 
formula.  'I'hu.s,  carljon  dioxide  gas  has  as  its  formula,  CO.,;  its  mole- 

cidai'  weight  is  1 2 -t- ( 1 G  x  2  =  )32  =  4-1  :  tlu'  density  is  1^  =  22.  Here 

again  it  )MUSt  In'  I'e'membered  that  the  nueh'cular  weight  is  primarily 
determined  fi'om  the  density,  and  not  the  density  from  the  molecular 
weight. 

31.  Absolute  weight  of  Hydrogen.-  As  1  lydrogt'ii  is  taken  as 
the  unit  of  comparison  for  othei'  gasi's,  it  is  lu'cessary  that  its  ab.solute 
weight  1h!  (h'termined  with  the  gr('atest  exactitude.  ExiH'riment  has 
shown  that  1  litre  of  hydrogen,  at  normal  temperature  and 
pressure,  weighs  0’0896  gram;  or  11'2  litres  weigh  1  gram. 
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Tlu'  studt'iit  must  make  up  his  luiiid  to  rumoiulx'i-  tins  to  (|Uotc 

Hofuuuiu,  till'  fact  that  at  0°  ajul  760  ui.iu.  ])i'(‘ssui-(‘,  1  litre  of 
hydrofi^cu  w«ni,dis  O'Ot'lH)  “raiu,  should  he  iuipicsst'd  “as  it  wen*  with  a 
graving  tool  on  the  uieuiory.”  The  weight  in  grams  of  a  litre  of 
any  gas  is  its  density  x  0'0896.  Thus,  th(‘  density  of  carhou  dioxide 
gas  is  'Jii  ;  the  weight  of  a  litre  is  22  x  O'OS'JG  =  1-9712  grams. 


32.  Laws  of  Chemical  Combinationby  volume.  -Not  only 

does  cheuncal  coud)iuatiou  follow  definite  laws,  so  far  as  weight  is  con¬ 
cerned,  hut  akso  eiiually  definite  laws  govern  the  ])roportions  hy  volume 
in  the  case  of  gaseous  bodies.  For  example,  exjieriment  shows  that  one 
volume  of  In’drogen  unites  with  one  volume  of  chlorine  to  form  two 
volumes  of  liydrochloric  acid  ga.s.  So,  too,  two  volumes  of  hydrogen 
unite  with  one  volume  of  oxygen  to  form  two  volumes  of  water-gas 
(steam).  Again,  ammonia  consists  of  three  volumes  of  hydrogen, 
united  with  one  of  nitro,gen,  to  form  two  volumes  of  ammonia.  The 
reactions  are  expres.sed  in  the  following  equations  : — 


+ 

Cl, 

= 

2IIC1. 

Ilvili-osen. 

chlorine. 

Hyilrochloric  Acid. 

2H., 

+ 

0, 

= 

2H,0. 

Ilyill'oyen. 

O.xygen. 

Water. 

3H, 

+ 

= 

2NH,. 

Hydi-ogeli. 

Xitrogen. 

Ammonia. 

It  will  he  observed  that  in  the  first  equation  one  molecule  of  hydrogen 
unites  with  one  molecule  of  chlorine  to  form  two  molecules  of  hydro¬ 
chloric  acid  :  the  application  of  Avogadro’s  Law,  therefore,  teaches  that 
these  elements  will  unite  in  equal  (juantities  of  one  volume  to  form  two 
volumes  of  hydrochloric  acid.  In  the  same  way,  the  proportions  by 
volume  in  which  chemical  changes  occur  between  gaseous 
bodies  are  always  expressed  in  the  equation,  it  being  re¬ 
membered  that  all  gaseous  molecules  occupy  the  same  space 
when  measured  at  the  same  temperature  and  pressure.  The 
following  is  a  useful  method  of  writing  such  equations,  when  the  object 
is  to  show  the  proj)ortions  hy  volume  in  a  chemical  change  in  which  any 


)ody  is  involved. 

H.,  + 

Cl 

2HC1. 

1  volume. 

1  volume. 

2  volumes. 

•-'H,  -h 

c, 

= 

211,0. 

2  volumes. 

1  volume. 

2  volumes. 

31L  + 

N., 

= 

2N1L,. 

3  volumes. 

1  volume. 

2  volumes. 

33.  Acids,  Bases,  and  Salts.  -The  name  acid  is  a  fanniiar  one, 
because  it  is  continually  a])i)lied  in  evei-y  day  ])arlanc(^  to  anything 
which  is  sour.  A  number  of  bodies  possess  this  distiiu-fion  in  common  ; 
to  the  chemist,  the  sourness  of  an  acid  is  but  an  accidental  property, 
as,  according  to  his  definition  of  these  bodies,  substances  ai-e  includi'd  as 
acids  that  are  not  soui-  to  the  taste.  An  acid  may  be  defined  as  a 
body  which  contains  hydrogen,  which  hydrogen  may  be  re¬ 
placed  by  a  metal  (or  group  of  elements  equivalent  to  a  metal), 
when  presented  to  the  acid  in  the  form  of  an  oxide  or  hydrate. 
As  a  class,  the  acids  are  sour;  they  are  also  active  chemical  a,gents  ; 
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most  acids  are  characterised  liy  the  j)r()pertv  of  cliaiif'iiif'  the  colour  <jf  a 
solution  of  litmus,  a  naturally  blue  body,  to  a  red  tint.  O.xy^en  is  a 
constituent  of  most  acids.  These  are  ternu'd  “oxy-acids.”  A  few  in 
which  it  is  absent  are  termed  “  hydr  acids.”  Hydrochloric  acid,  HCl, 
is  an  e.xample  of  these  l)oclies.  ]\Lost  of  the  oxy-acids  are  produced  by 
the  uiuon  of  watm-  with  an  oxide — thus,  oxide  of  sulphur  and  water 
form  sulphuric  acid  : — 

SO,  +  H,0  =  H,SO,. 

Sulphur  Ti'idxide.  Water.  Suliiluiric  Acid. 

The  oxides,  which  l>y  union  with  water  form  acids,  are  termed 
anhydrides,  or  iinhydrous  ;icids.  They  are  in  most  cases  non-metallic 
oxides,  but  sometimes  consist  of  met:ds  combined  with  a  compiiratively 
large  number  of  atoms  of  oxygen. 

A  Base  is  a  compound,  usually  an  oxide  or  hydrate,  of  a 
metal  (or  group  of  elements  equivalent  to  a  metal),  which 
metal  (or  group  of  elements)  is  capable  of  replacing  the  hydro¬ 
gen  of  an  acid,  when  the  two  are  placed  in  contact.  The 
greater  number  of  metallic  oxides  are  bases.  I’ases,  as  well  as  acids, 
ditier  considerably  in  their  chemical  activity.  Certain  ba.ses  are  char¬ 
acterised  by  lieiiig  soluble  in  water,  to  which  they  imj)art  a  peculiar 
soapy  feel.  These  bases  are  termed  “  alkalies,”  and  possess  the  pi'operty 
of  restoring  the  blue  colour  to  reddened  litmus.  The  most  important 
alkalies  are  sodium  hydrate,  NaHh),  and  potassium  hydrate,  KH(j. 
The  bases,  lime,  CaO,  baryta,  liaO,  and  magnesia,  MgO,  are  moie  or 
less  soluble  in  water,  and  also  turn  reddened  litmus  blue.  They,  with 
SrO,  constitute  the  group  known  as  the  “Alkaline  Earths.”  Hydrates 
are  compounds  of  oxides  with  water,  thus  : — 

Na.,()  +  H,,0  =  L'NailO. 

Sodiuiu  O.xiile.  Water.  Sudiuui  Hydrate. 

When  an  acid  and  base  react  on  each  other,  the  body, 
produced  by  the  replacement  of  the  hydrogen  of  the  acid  by 
the  metal  of  the  base,  is  termed  a  Salt.  Watm-  is  also  produced 
during  the  reaction.  l\Iost  salts  have  no  action  on  litmus  that  is,  they 
do  not  atlect  the  colour,  whether  it  bt*  red  or  blue.  '1’Ih'  action  of  acid 
and  base  on  each  other  is  illustrated  in  the  following  e(|uation  : — 

HCl  +  XallO  =  NaCl  +  11,0. 

.\cid.  Base.  SaU.  Water. 

34.  Compound  Radicals.  At  times  a  group  of  elements  ents'rs 
into  the  composition  of  ii  body,  iind  performs  t'unctions  vtuy  similar  to 
those  of  an  ;itom  of  tin  element.  Such  grouits  are  not  only  found  to 
form  numbtu's  of  \'ery  delinite  compounds,  but  may  In*  even  triinsferred 
from  one  cttmpound  to  another  without  undergoing  decomposition. 
Groups  of  atoms  of  different  elements  which  possess  a  distinct 
individuality  throughout  a  series  of  compounds,  and  behave 
therein  as  though  they  were  elementary  bodies,  are  termed 
“Compound  Radicals.” 

35.  Quantivalence  or  Atomicity. —  Ib'ferring  back  to  the 

three  compounds  of  lu'drogen  mentioned  in  ]>ai'agraph  .’52,  it  will  be 
observed  that  one  atom  (‘ach  of  chlorine,  oxygim,  and  introgmi,  combines 


IXTItODUCTOHY, 


]'J 


ivspoctively  with  one,  two,  aiul  tliiee  .itoins  of  liycli-0'f('n.  If  cliloi’ine 
:uk1  oxy,ifoii  coiiiih)U1u1s  l)e  chissitied  and  coinpired,  it  is  found  tliat 
oxygon  in  almost  overy  instance  coinljines  witli  just  double  the 
mnuher  of  atoms  of  the  other  element  as  does  chlorine.  The  atom¬ 
combining  power  of  elements  varies— Quanti valence  of  Ato¬ 
micity  is  the  measure  of  that  combining  power.  Among  the 
elements,  hydrogen,  sodium,  aud  chlorine  are  characterised  by  the  fact 
that  one  atom  of  each  rarely  combines  with  more  than  one  atom  of  any 
other  element.  Their  atomicity  is  unity,  and  as  every  otlier  element 
forms  a  chemical  compt)und  with  one  or  more  of  these,  the  atomicity  of 
any  element  can  usually  be  determined  by  observing  with  how  many 
atoms  of  one  of  these  three  elements  an  atom  of  the  element  in  question 
enters  into  combination.  The  atomicity  of  the  ditlerent  elements  is 
given  in  the  table  included  in  paragraph  2.'5.  Elements  with  an  atomicity 
of  one  are  termed  monads ;  of  two,  dyads  ;  three,  triads  ;  f\)ui',  tetrads  ; 
five,  pentads;  and  of  six,  he.xads.  It  is  often  conveinent  to  express  the 
atomicity  of  an  element  graphically.  This  is  done  hy  attaching  a  series 
of  lines  to  the  atom,  according  to  its  atomicity.  These  lilies  may  be 
viewed  as  indicating  the  number  of  links  or  bonds  with  which  the 
particular  atmn  can  combine  with  other  atoms.  Of  the  actual  nature 
■of  the  force  which  holds  atoms  together  in  chemical  compounds,  nothing 
is  known  ;  the  bonds  must  only  be  viewed  as  indications  of  the  number 
<if  such  units  of  atom-combining  power.  The  following  ai-e  examples  of 
these  graphic  symbols  ; — 

H  —  Cl  —  —  O  —  —  B  =  =  C  = 

Ilyilmgeii.  Cliloriiie.  Oxygen.  Huron.  Carlion. 

The  same  two  elements  often  form  a  series  of  two  or  more  conqiountls 
with  each  other;  under  these  circumstances  the  atomicity  must  vary. 
In  the  great  majority  of  such  conqiounds,  the  atomicity  increases  or 
diminishes  by  intervals  of  two — that  is,  the  atomicity  is  either  even  or 
odd  for  an  element  throughout  all  its  compounds.  This  is  accounted  for 
by  the  supposition  that  two  of  the  bonds  of  an  element  may,  by  their 
union,  mutually  .satisfy  each  other.  This  is  not,  however,  invariably 
the  case,  as  cei’tain  well-marked  exceptions  to  this  rule  are  known. 
The  highest  known  atomicity  of  an  element  is  termed  its  “absolute'’ 
atomicity;  the  atomicity  in  any  particular  comj)ound  is  the  “active” 
atomicity;  the  absolute,  less  the  active,  at(jmicity  is  the  “latent” 
iitomicity. 

36.  Basicity  of  Acids.  -In  order  to  form  salts,  difl'erent  acids 
I'ecjuire  ditlerent  (juajitities  of  a  base  :  the  measure  of  this  (juantity  is 
termed  the  “  basicity  ”  of  the  acid.  The  basicity  of  an  acid  depends 
on  the  number  of  atoms  of  hydrogen  it  contains  that  may  be 
replaced  by  the  metal  of  a  base.  In  forming  salts,  oiu*  atom  of 
hydi'ogen  is  replac(‘d  by  one  atom  of  a  monad  iiK'tal,  two  atoms  of  hydro¬ 
gen  b\'  an  atom  of  a  d\ad,  and  so  on.  In  the  case  of  at'ids  which 
contain  more  than  one  atom  of  replaceable  hydrogen,  salts  are  sometimt's 
foi'iiied  in  which  a  pait  only  of  tin;  hydrogmi  is  replaced  ;  such  salts  ar(' 
tei'ined  “acid”  .salts,  whih;  those  in  which  the  whole  of  the  hydrogen  is 
replaced  are  termefl  “normal  ”  salts,  ’flu'  following  ar(i  ty])ical  exam¬ 
ples  of  acids  and  the  corresponding  salts  : — 
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MONIIIIASIC  ACIII. 

UNO,. 

Nitric  .\ciil. 

NiiNO,. 

Sinlimii  Nitrate. 


Cii(NO,),,. 

Calcium  Nitr..te. 


DIJJASIC  ACn>. 
.Suliihuric  Acid. 

N<l,S(  >4. 

Sodium  Sulphate. 

llNaSC  >4. 

•Acid  Sodium  Sulphate. 

C;iS04. 

Calcium  Sulphate. 


TUIMASlf- 
Phosiihoric  .Acid 

Nil.,P(  >4. 

Sodiiin.  Phosphate. 

Nii,llP(  >4. 

Disodie  Ilydrojjcn  I’lmsphate. 

C;i,(P()4)._,. 

Calcium  niosphate. 


It  is  often  convenient  to  view  tlie  iicids  in  the  li.titht  of  tlieir  lieiii^ 
coiupouncls  of  tlie  anhydrides  with  Avjiter  :  tlie  correspondiinr  stilts  inaA' 
then  lie  written  as  compounds  of  tlie  bases  with  the  anhydrides.  This 
method  is  tilmost  invariably  employed  whtm  calculatinir  the  reltitive 
(luantities  of  metals  and  acids  in  bodies  when  subjected  to  aiialy.sis. 
(Subjoined  art'  the  formula*,  written  in  this  manner,  of  the  acids  and 
salts  jut'viously  oiven  as  examples:  — 


H.O,  NVV 

Two  Molecules  of 
Nitric  .Acid. 

Na/J,  N2O5. 

Two  Molecules  of 
Sodium  Nitrate. 


.H„0,  SO,. 

Sulphuric  .Acid. 

Na.d),  (SO3. 

.S((dium  Sulphate. 

NaHO,  SO.,. 

Add  Sodium 
Sulphate. 


(11,0),,  p./v 

'I'wf)  Molecules  of 
Phosphorjc  Acid 

(NtUJ),,  P.,0,. 

Two  .Molecules  of 
Sodium  Phosphate 

(Nil./)),,  U,,0,  P.p,,. 

Two  Molecules  of  Disodic 
Hydro<;eu  Phosphate. 


C'aO,  N./),. 

One  Molecule  of 
Calcium  Nitrate. 


Cat),  SO,, 

Calcium  Sulidiatc. 


(Cat)),,.  P/)^. 

( hie  Molecule  of 
Calcium  Phospliate 


37.  Chemical  Calculations. — Most  of  the  chemical  ealeulations 
necessarv  in  analytic  Avork  may  be  readily  made  by  the  help  of  chemicid 
formula*  and  ('(juatiotis,  too'etlu'i*  with  a  table  of  eombininu;  weights. 
The  following  ai'e  illustrations  of  sonu*  of  the  most  important  of  these 
calculations. 


38.  Percentage  Composition  from  Formula.  -Chemists 
usually  exprt'ss  the  results  of  analysis  of  a  substance  in  jairts  jier  ci'ut..  so 
that  in  the  case  of  ;i  chemical  compound  it  is  often  necessaiy  to  he  iilile 
to  cjilculate  its  chemical  formula  fi’om  tlu*  percentage*  composition,  or  con- 
A’ersely,  the  percentagi*  composition  from  tlu*  foi-nmla.  The  latt(*r 
opei'ation,  :is  being  tlu*  simjdei’,  sluill  he  lii-st  t*xplaiiu*d.  It  is  po.ssihle 
from  the  formula  of  any  body  to  ari  ive  at  the  molecular  wt'ight  of  the 
compound,  and  tlu*  relative*  we*ight  ])re*se*nt  of  each  e'lement.  'rims,  tee 
tind  the  j)e*rce*ntiige  compositiem  eif  aciel  seidium  sulphate: — 

The  feu'inula  is 

Na  II  S  O4 

■>:]  +  1  +  ;52  +  (K;  X  -f  =)  (11  =  120. 

From  the  comhiniiig  we*ights,  give'ii  he“ne*alh  e*ach  e*le*me'n(,  with  theii* 
sum  at  the  end,  it  is  se*e*n  that  the*  me)le*cule*  we'ighs  120,  iiiul  contains  2.'> 
])iii'ts  of  sodium.  Kiieewiiig  tliat  120  parts  contain  22,  it  is  e'xcceelingly 
e*asy  to  calculate*  (he*  numhei- of  juirls  pe'r  100,  as  the  pi'e)ble*m  re*.solve*s 
itself  inte)  one*  eif  simple*  propeertion  : — 
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As  120 

100  : 

:  23 

19-17  i)er  cent,  of  sodium. 

As  1  20 

100  : 

;  1 

0-83  „ 

,,  liydrog(‘n 

As  120 

100  : 

:  32 

26-66  ,, 

,,  sulj>hur. 

As  120 

100  : 

:  64 

33-33  „ 

„  oxygen. 

9  9 -DO 

I’recisoly  the  same  metluxl  of  calculation  has  In'en  ajiplied  to  the  (let(*r- 
mination  of  the  jtercentayc^s  of  hydro^yen,  sulphur,  and  oxygen.  As  tlu* 
results  sel(k)in  work  out  to  a  terminated  decimal,  the  addtxl  jiercentages 
usually  amount  to  only  99-99  ;  hut  hy  continuing  the  calculation,  anj- 
additio7ial  numher  of  9’s  could  he  obtained,  and  as  O'!)  i-(*curring  is  erjual 
to  I'O,  so  99'9  i-ecurring  is  efiuivalent  to  100  00.  As  anothei-  example, 
let  it  be  ie([uired  to  detei'inine  the  jiercentage  of  base  and  anhydrous 
acid  i-espectively  in  calcium  phosphate.  This  salt  is  ix'presented  by 

(Ca  O  ).,  P.,  (), 

(40  +  1C  =  )r)G  X  3  62  +  80 

168  +  142  =  310 

The  molecule,  which  weighs  310,  contains  1G8  of  lime  (CaO),  and  142 
of  2>hosphoric  anhydride  (P./lj),  conse(juently 

As  310  :  100  ::  1G8  :  04-19  iier  cent,  of  lime. 

As  310  :  100  ::  142  :  4o-8l  ,,  ,,  idiosj^horic  anhydride. 

100-00 


39.  Formula  from  percentage  composition.-  Let  the  fol¬ 
lowing  rejjresent  the  i-esults  of  analysis  of  a  body  : — 

Sodium, 

Nitrogen, 

Jlydi-ogen, 

Phosphoi-us, 

( Ixygen, 

■  100-00 

As  a  first  step  toward  obtaining  the  foi-mula,  divide  the  jiercentage  of 
each  element  by  its  atcjmic  weiglit,  the  i-esult  will  he  a  series  of  numbei-s 
in  the  ratio  of  the  nuiidx-r  of  atoms  of  each  element — 


lG-79  jier  cent. 
10-22  „ 

3-65  „ 

22-63  „ 

46-71  „ 


16-79 

23 


0-73  of  Sodium. 


10-22 

==  0-73  of  Nitrogen. 


=  .G-tio  of  Hydrogen. 


22-63 

;;i 

16-7  I 
16 


0  73  of  Phosphorus. 


2-92  of  ( )xygen. 
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It  is  next  necessary  to  find  tlie  lowest  series  of  whole  munhers  that 
corn'spond  to  these;  such  a  series  may  he  obtained  by  dividing  each 
ninnb(;r  by  the  lowest  one  of  the  series  : — 

=  1  atom  of  Sodium. 

=  1  atom  of  Xitrogen. 

=  5  atoms  of  Hyflrogen. 

=  1  atom  of  Phosphorus. 

—  4  atoms  of  Oxygen. 

The  foi'inula  of  the  compound  is,  therefore,  XaXHjPO^ ;  its  name  is. 
“hydrogen  ammonium  sodium  phosphate.”  The  formula  obtained  in 
this  way  is  the  .simplest  possilile  foi-  the  body  in  (jue.stion  :  it  is  evident 
that  the  percentage  composition  would  be  the  same  if  they  were  double 
or  any  other  multi])le  of  the  number  of  atoms  of  each  elfunent  in  tlu^^ 
molecule.  Othei’  considerations  are  taken  into  account  in  determining 
whether  the  correct  molecular  formula  is  really  the  sim]ilest  thus 
ol)tained,  by  calculation,  from  the  percentage  comj)Osition,  or  a  multiple 
of  the  same.  Such  simplest  possible  formula  is  termed  an 
Empirical  Formula. 

40.  Calculations  of  Quantities.  -An  exceedingly  common  type 
of  calculation  is  that  in  which  it  is  recjuired  to  know  the  (|uantities  of 
one  or  mori*  substances  retjuired  to  })roduce  a  certain  (juantity  of  another 
body.  Thus,  hydrogen  is  commonly  obtained  Ijy  tlu'  action  of  zinc  on 
sulphuric  acid;  su])pose  that  10  grams  of  hydrogen  ari“  I'tnpiired  for 
some  ojieration  ;  what  weights  respectively  of  zinc  and  sulphuric  acid 
are  necessary  for  the  i)urpnse'l  Here,  again,  the  e<iuation  gives  tlu' 
redative  weights  of  each  ('lenient  and  comjiound  participating  in  the 
reaction,  in  ('very  such  calculation  it  is  absolut('ly  n('C{'.ssai’y  that  tlu' 
('(juation  and  combining  weights  Ix'  known  ;  liut  granti'd  thes(',  no  otln'r 
difliculti('S  ai'ise  iK'yond  those  which  can  Ik'  readily  overconu'  by  an 
intelligent  application  of  the  principh's  of  pi'opoi  tion. 


In  the  case 

in  (|uestion  the  ('(luation 

is 

Zn 

+  1 L,  S  ( = 

Zn  S  ( H.,. 

().') 

•2  +  :p_>  +  (ii 

(;-)  +  ;?L>  .f.  (i4  2. 

d’s 

Itil 

Zinc. 

Suliiluiric  Aci<I 

Zinc  Siilpliato.  Ilydriifjcn, 

4’o  produ('(' 

two  jiarts  liy  wi'ight  of 

hydi'oge'ii,  ().b  of  zinc  and 

Iphuric  acid 

are  r('(iuir('(l,  tlu'n  - 

As  -J  : 

10  ::  (lb  :  gi'ams  of  zinc  r('(inir('d 

As  li  : 

10  !»S  :  lOO 

sidphuric  acid  n'ljuired. 

Another  ins(anc('  may  be  gi\<'n,  in  which  not  only  w('ights  but  also 
volunu'S  of  gasi's  have  to  b('  calculated.  It  is  la'ipuix'd  to  know  how 


0 

7:i 

(r 

7:i 

O' 

73 

O' 

73 

;i  t).b 

0' 

73 

O' 

73 

0 

73 

2' 

'92 

0' 

•73 

iNTiionrcTouv. 


2.3 


niucli  caihon  dioxido  ".as  in  cudic  centiine'trps  and  in  cu])ic  inches  is 
evolved  l)y  the  fermentation  of  2S-3.")  grains  (  =  1  ounce)  of  pure  cane 
sugar,  the  gas  being  measured  at  a  temjierature  of  20’  C.  and  70.5 
millimetres  pressure  ;  it  being  assumed  that  the  whole  of  the  sugar  is 
resolved  into  alcohol  and  carbon  dioxide.  The  chemical  changes  in 
volved  in  this  process  may  be  represented  by  the  following  eipiations — 
C,,.  H„,  ()„  +  O  =  2C,  H,.,  '  O,,. 

144  +  22  +  170  2  +  10  72  +  12  +  90 

342  18  2  x  180  =  300 


C'.ane  Snprai-. 


Water. 


(lliicose. 


In  the  first  place  one  molecule,  equalling  342  parts  by  weight  of  cane 
sugar,  is  converted  into  tw’o  molecules  of  gluco.se,  each  weighing  180,  or 
the  two  weighing  300. 


2C«  H,, 
72+  12  +  90 


4G,  H,  H  O 
24  +  5  +  1  +  10 


4C 

12 


o,. 

-  32 


2  X  180  =  300 

Glucose. 


4x40  =  184 

Alcohol. 


4  X  44  =  170 

Carbon  dioxide. 


The  two  molecules  of  glucose,  weighing  300,  !ire  next  decomposed  into 
four  molecules  of  alcohol,  having  a  total  weight  of  184  ;  and  four  mole¬ 
cules  of  carbon  dioxide,  each  weighing  44,  and  the  whole  170.  From 
342  parts  by  weight  of  cane  sugar,  170  parts  by  weight  of  carbon 
dioxide  are  produced  ;  then  — 

As  342  :  28-35  170  :  14-59  grams  of  carbon  dioxide,  yielded  by 

28-35  grams  of  cam'  sugar. 

The  ne.xt  stej)  is  to  determine  what  is  the  volume  of  14-59  grams  of 
carbon  dioxide  at  N.T.P.  The  molecular  weight  of  carbon  dioxide 
being  44,  its  density  must  be  22  ;  one  litre  of  hydrogen  weighs  00890 
grams,  and  therefore  1  litre  of  carbon  dio.xide  must  weigh  0-0890  x  22 
=  1  "97 1 2  grams  ;  then — 

=  7-401  litres  at  N.T.P. 

l-u<  12 


Applying  the  laws  j)reviously  given  by  which  the  relations  between  the 
volume  and  temperature  and  pressure  of  a  gas  are  governed  ;  then — 
As  273  :  293  7-401  (  _  293  x  700  x  7-401 

"G5  :  700  )  “  273  x  705  “ 

=  7-891  litres  at  20'’  C.  and  70.5  m.m.  pressure'  -  7891  cubic  centimetres. 

As  10-39  c.c.  =  1  cubic  inch,  then 

iTvvtt,  =4M-i  cubic  inclu's. 
i 

28-35  giams  or  om-  ounce  of  cane  sugar  would  yic'ld,  according  to  tlu' 
(|uestion  given,  7891  cc  or  481-7  culiic  iiichc's  of  carbon  dioxide  gas  at 
20°  C.  ami  705  m.m.  pressure. 

'I'he  weight  of  sugar  m'ci'ssary  to  yic'ld  a  certain  xolunu'  of  gas  would 
b('  calculated  on  the'  same  princi])les  ;  as  an  illustration,  tlu'  n'vc'i-se  of 
the  calculation  just  made'  is  eippe-mleel.  Re'e|uii-e-d  to  know  the'  we'ight 
eef  ceine  sugeii-  necessary  to  jiroelue-ei  481-7  culiic  inchi's  eir  7891  culeie; 
centime'tri's  of  cat-bem  elioxide'  gas  at  20°  (2.  and  705  m.m.  pre-ssure'. 
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27.4  X  TGf)  X  7801 

— -xj-}  y  -(;q - =  7401  c.c  iit  X.T.P.  =7‘401  litres. 

7"  101  X  1‘0712  =  1  t';")!!  graius  of  CO.^. 

As  176  :  14-r)‘J  ::  342  :  2S‘3.')  grams  of  cane  su<f:u- iisjiiired. 

41.  Gaseous  Diffusion.- -It  is  a  well  loiown  fact  that  gases  niix 
witli  each  other  with  I’emarkahle  reiidiness.  For  instance,  if  in  a  large 
I'ooni  a  jar  of  chlorine  is  opened  at  the*  level  of  the  lioor,  the  presence  of 
the  gas  may  he  detected  hy  its  jiowerful  odour,  within  a  few  sei^onds,  in 
every  j)art  of  the  room.  Fhe  natural  process  hy  which  the  chloi'ine  is 
thus  disseminated  through  the  air  is  termed  “gaseous  diffusion;”  it 
takes  jilace  between  gases,  even  thougli  the  heavier  is  at  fii'st  at  the 
lower  level.  In  other  words,  a  heavy  gas  will  diffuse  up  into  a  super- 
incumhent  light  gas,  while  the  light  gas  will  make  its  way  downwards 
and  mix  with  the  heavier  one.  In  this  way  different  gases,  when 
placed  in  the  same  space,  rajiidly  ])roduce  of  themselves  an  uniform 
mixture.  This  jirocess  of  diffu.sion  will  also  go  on  through  a  porous 
memhrane,  as,  for  example,  a  thin  diaiohragm  of  plaster  of  Paris  or 
porous  earthenware.  I  hus,  if  a  vessel  he  divided  into  two  jiarts  by 
a  thin  partition  of  porous  material,  and  the  one  lialf  he  filed  with  one 
gas  and  the  other  with  another,  they  will  he  found  after  some  time  to 
have  become  thoroughly  intermixed  with  each  other.  The  rate  of 
diffusion  of  all  gases  through  such  a  diaphragm  is  not  the  same,  but 
depends  on  their  densities.  The  rate  of  diffusion  of  gases  is 
inversely  as  the  square  root  of  their  density.  Thus,  hydrogen 
and  oxygen  have  respecti\ely  densities  of  1  and  16  ;  hydrogen  diffuses 
four  times  as  rapidly  as  does  oxygen. 

42.  Osmose  and  Dialysis. — Lifpiids  which  are  miscible  with 
each  other — {i.e.,  readily  mi.x  when  placed  together) — also  undergo 
diffusion  more  or  less  ra])idly.  The  laws  governing  diffusion  of  licpiids 
are  more  complex  than  tho.se  affecting  the  diffusion  of  gases  :  not  only 
gases,  Imt  also  liquids,  are  capable  of  diffusion  through  a  porous 
diaphragm  ;  such  diffusion  is  termed  “  Osmose  ”  Some  of  the 
most  remarkable  and  impoi'tant  ]>henomena  of  litpiid  difl’usion  ai'e  those 
exhibited  liy  aipieous  solutions  of  different  substances.  Thus,  hff  a  .sort 
of  drum  head  be  maihi  by  stretching  and  fastening  a  ])i('ce  of  bullock's 
bladder,  or  either  animal  parchment  or  vegetable  pai'c-hnumt  paper,  over 
a  cylinder  of  some  imjan-vious  material,  as  glass  or  gutta  jau'cha.  h'loat 
this  in  a  \'essel  of  jairi*  water,  and  pour  insidt'  it  a  strong  solution  of 
common  salt.  The  brine  and  the  pure  water  will  only  lie  separated  from 
each  othei’  hy  the  thin  memhrane  of  bladder  or  other  similar  matm-ial. 
After  the  lapse  of  some  hours  it  will  be  found  tliat  tlie  solution  of  salt 
will  have  difl’used  out  through  the  imnubraiu'  until  the  licpiid  both  out¬ 
side  and  inside  the  lloating  \'essel  has  the  same  st rengt h.  I!y  repeatedly 
changing  tla^  water  in  the  outer  \'essel,  the  whoh*  of  the  salt  might  be 
removed  from  the  solution  within  tlu*  cylinder.  On  tlu'  othei-  hand,  if 
a  .solution  of  gum  were  placed  within  the  iiarchment  drum,  and  sub- 
jecti'd  to  ja-eci.selv  the  same  treatment,  the  gum  would  hi'  found  incap¬ 
able  of  diffusion  through  tlu'  mmidirane.  If  a  mixture  of  brine  and 
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yum  were  jiluced  in  tlio  cylinder  with  jiiuvlnnent  hottoni,  and  then 
floated  on  tlie  surface  of  water,  the  salt  would  difl'use  out  and  the  yum 
remain  l)ehind  ;  in  this  manner  a  comph'ti'  sejiaration  of  tlu'  two  miylit 
he  eflected.  The  separation  of  bodies  by  their  respective  ability 
or  inability,  when  dissolved,  to  diffuse  through  a  porous  mem¬ 
brane,  is  termed  “  Dialysis.” 

43  Crystalloids  and  Colloids. — All  bodies  ar(!  capable  of 
beiny  divided  into  two  yreat  classes,  known  respectively  as  “crystalloids” 
and  “colloids.”  Crystalloids  are  substances  which,  on  changing 
from  the  liquid  to  the  solid  state,  assume  a  crystalline  form. 
Bodies  are  said  to  be  crystalline  when  they  consist  of  crystals, 
and  for  chemical  purposes  a  crystal  may  be  defined  as  matter 
which  has  spontaneously  assumed  during  the  act  of  solidifica¬ 
tion  a  definite  geometric  form.  In  crystals  there  is  also  a  de¬ 
finite  internal  molecular  arrangement  related  to  the  crystalline 
form  by  certain  determinate  laws.  Solutions  of  crystalline  bodies 
are  usually,  but  not  invariably,  free  from  any  marked  vi.scosity.  Crystal¬ 
line  bodies  are  oidy  soluble  to  a  definite  extent  in  water,  the  (piantity 
dissolved  dependiny  more  or  less  on  the  temperature  :  thins,  100  parts 
of  water  dissolve  about  5G  parts  of  .salt.  If  more  salt  than  this  be  added 
to  water,  it  simply  remains  undissolved.  Jelly-like  substances,  as 
gum  and  gelatin,  are  termed  “Colloids,”  and  do  not  acquire 
a  crystalline  form  when  assuming  the  solid  state.  The  colloids 
form,  when  treated  with  water,  sirujw,  viscous,  or  jelly  like  solutions. 
They  may  be  said  to  be  soluble  in  water  in  all  ]u’oportions.  Thus,  if  a 
few  drops  of  water  be  added  to  a  })iece  of  dry  yelatin,  the  watm-  will  be 
absorbed  by  the  gelatin,  and  after  a  time  will  be  uniformly  diffused 
tln'oughout  the  whole  mass.  Successive  }>ortious  of  water  may  thus  be 
absorbed  by  the  gelatin,  which  will  become  gradually  softi'r,  assuming 
the  consistency  of  a  jelly  ;  further  addition  of  water  produces  a  solution 
with  more  oi'  less  viscosity,  depending  on  the  degree  of  concentration. 
Crystalloids  are  especially  susceptible  of  dialysis  ;  colloids 
exhibit  under  similar  treatment  very  little  tendency  to  pass 
through  a  porous  membrane.  The  membranes  used  for  dialysis 
consist  of  colloid  substances  :  gelatin  in  the  jidly-like  form  at  times  is  a 
very  convenient  dialysing  agent.  The  apparatus  used  for  tlu^  ])urj>ose 
of  effecting  dialvsis  is  tei'ined  a  dialysin'.  The  phenomena  of  li(|uid 
diffusion  have  an  exceedingly  im|)ortant  bearing  on  many  chemical 
changes  which  occur  during  bread-making. 

44  Measures  of  Weight  and  Volume.— it  will  be  conveni¬ 
ent  to  hen*  furnish  a  statement  of  flu*  diff(*i'ent  systems  of  weights  and 
measures  usually  em])loyed  for  scientific  purj)Os(*s.  d’he  chemist,  as  a 
ride,  prefers  the  mi'tric  svstem,  as  in  common  usi^  in  kranci*,  to  the 
very  complicated  svst(*m  of  wi'ights  and  mcasui'es  (‘inployi'd  in  this 
country.  One  reason  is  that  the  metric  system  is  exti'ciiiely  simjde  ; 
another,  that  the  measures  of  weight  and  N'olume  an*  direi'tly  conn(*cted 
with  (*ach  oth(*r.  If  the  writer  simply  followed  his  own  ]in*dil<‘ctions, 
metric  weights  and  measures  only  would  hi;  used  throughout  this  work, 
but  it  having  been  sti'ongly  r(*pres(*nt(*d  lo  Inm  that  the  inti'oiluction  of 
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tlio  Ein;lisli  equivuUMits  of  tho  difierent  \veii;Iits  (“mployed  would  Ije  it 
help  to  some  of  his  nsxdei's,  they  also  have  l)e(‘n,  in  most  cases,  qdven. 
The  winter  is  conscious  that  the  result  of  this  intermixture  is  often  iii- 
conj^ruous,  hut  to  those  familiar  with  the  metric  system  this  will  present 
no  ditticulty,  while  to  those  who  are  unacquainted  with  it,  it  will  he  an 
assistance.  It  is  nevertheless  urged  that  the  nu'tric  system  he  mas¬ 
tered  ;  this  may  he  easily  dom*  in  a  quarter  of  an  hour,  much  time  will 
then  he  saved  which  otherwise  would  have  to  be  spent  in  making 
calculations. 

45.  ThG  Mstric  System. — The  unit  of  the  metric  system  is  a 
“metre,”  which  is  the  length  of  a  rod  of  platinum  that  is  dejiosited  in 
the  archives  of  France.  The  metre  measures  39'37  English  inches.  The 
higher  and  lower  measures  are  obtained  by  multiplying  and  dividing  by 
10,  thus  : — 


Kilometre  =  1000  metres 

Hectometre  =  lOO  ,, 

Decametre  =  10  ,, 

INIetre  = 


1  )eci  metre 

Centimetre 

^Millimetre 


OT  metre 
0-01  „ 
0-001  „ 


39370  inches. 


3937 

393-7 

39-37 

3-937 

0-3937 


inch. 


0-03937 


In  the  above,  and  all  other  measures  of  the  metric  system,  the  pretixes 
“kilo,  hecto,  and  deca  ”  are  used  to  repre.sent  1000,  100,  and  10  resjiec- 
tively  ;  and  “  deci,  centi,  and  milli,”  to  rejire.sent  a  tenth,  hundredth, 
and  thou.sandth.  The  decimetre  is  very  nearly  4  inches  in  length,  and 
tilt'  millimetre  very  nearly  one  twenty-tifth  of  an  inch  :  rememhering 
this,  measun's  of  the  one  denomination  can  he  roughly  translated  into 
those  of  the  other.  Tin*  exact  lengtli  of  a  decimetre  is  shown  in  Fig.  1. 

The  unit  of  the  measure  of  caiiacity  is  the  “litre,”  which  is  the 
volume  of  a  cubic  decimetre  : — 


Kilolitre 
lli'ctoliti-e 
I  )ecalitre 
Ijitrt' 

I  )ecilitr(‘ 

Centilitre 

.Millilitre 


Cubic  Iiicbcs.  Pints. 


Fluid  Ounces. 


=  1000  litres  =Gl(t27 

=  100  „  =  G 102-7 

=  10  „  =  Gl(i-27 

=  G 1-027 

=  0-1  litre  =  ()-1027 

=  0-01  „  =  0-()1027 

0  001  „  =  0-0G102 


17GO-7 
17G-07 
1 7  -G07 
1  -7()(i7 
0-17G07 
0-017G07 
0-0017(; 


37)214 
3.321-4 
352-1  4 
35-214 
3-5214 
0-352 1 
0-0352 


The  (h'cinH'tri'  lieing  10  centimetres  in  length,  it  follows  that  a  cubic 
d(*cimetr(‘  must  he  e(|Uiil  to  1000  cubic  ci-ntimetres,  and  that  tlu*  milli¬ 
litre  has  a  volume  of  a  cubic  cmitimetre.  The  name  “cubic  cmitimetre,’' 
or  its  ahhrcvia-tion  “c.c.,”  is  almo.st  always  used  in  prt'fertmce  to 
millilitre;  thus,  a  burette  or  pipette  is  said  to  fleliver  oO  c.c.,  while  a 
litre  m(*asur(*  is  often  teiuH'd  a  “  1000  c.c.”  measurtb 
A  cubic  inch  is  e(|ual  to  1G-.3S  cidiic  centimetres. 
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Each  side  of  this  square  measures 

1  Decimetre,  or 
lo  Centimetres,  or 
too  Millimetres,  or 
3‘937  English  inches. 

A  /.’/re  is  a  cubic  measure  of  i  decimetre  in  the  side,  or  a  cube 
each  side  of  which  has  the  dimensions  of  this  figure. 

When  full  of  water  at  4°  C.  a  litre  weighs  exactly  i  kilogram  or 
1000  grams,  and  is  equivalent  to  1000  cubic  centimetres  ;  or  to 
6 1 ’024  cubic  inches,  English. 

A  p-arn  is  the  weight  of  a  centimetre  cube  of  distilled  water;  at 
4°  C.  it  weighs  15  432  grains. 


-4 


I  sq. 
Centim. 


-10 


4  inches. 


I'lr..  I. 

Tlie  unit  of  tlie  iiieasufi!  of  weiglit  is  tlie  “  grainine,’’ or  “gram  tliis 
is  the  weight  of  a  cubic  centimetre  of  distilled  water  at  its  maximum 


density  (4°  C.  =  39 • 

'3°  F.)  . 

fiiaiiis. 

Avdinliiiiois  Ounces. 

Kilogram 

=  1000  grams 

=  1.0433-3 

3.0-3739 

Hectogiam 

=  100  '  „ 

=  1.043-33 

3-r)-_>739 

1  )ecagram 

=  10  „ 

=  1 04 -3  33 

0-3.O373 

(bam 

l.b-4333 

0-03.O37 

J4ecigi-am, 

=  O'l  gram 

=  1-0  4  3 -3  3 

0-003b3 

Centigram 

001  "  „ 

=  0-1.O433 

0 -00030 

31illigram 

=  0-001  „ 

=  0 -01.043 

0-00003.O 

A  kilogram  is  just  over  '2  lbs.  .3]  oz.,  and  a  hectogram  is  very  nearly 
3.L  oz.  An  ounce  avoirdujiois  equals  gi-ams 

The  relation  bijtwecm  the  weight  and  \()lum(‘  of  water  is  a  very 
simjile  one  ;  the  volume  being  the  same'  numlier  of  c.c.  as  the  wi'ight  is 
grams.  With  other  liquids  the  volume  in  c.c.  x  speeilic  gravity  = 
weights  in  grams. 
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46.  English  Weights  and  Measures.  Fivmiliai  ity  witli  En^^- 

lisli  weii^Iit.s  and  ineasures  is  as.sniiied,  still  the  followino-  particulars  will 
most  likely  l)e  of  service — one  , gallon  of  pure  water  at  a  teinpei-ature  of 
G‘2°  F.  (Ki-f)”  C.)  weighs  10  j)ounds  or  IGo  ounces  or  70,000  >rrain.s  ;  the 
j)int,  therefore,  weighs  20  ounces.  The  measure  termed  a  “  thiid  ounce” 
is  derived  from  the  weight  of  a  pint  of  water.  A  lluid  ounce  is  a 
measurf'  of  volume,  not  of  weight,  and  ecpials  one  twentieth  part  of  a 
pint.  The  fluid  ounce  heai's  the  same  relation  to  the  avoirdu]>ois  ounce, 
as  does  the  cubic  centimetre  to  the  gram.  A  gallon  is  etjual  to  277'274 
c-uhic  inches.  An  ounce  avoirdupois  weighs  4.'57'.o  grains. 
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CllAPTEli  II. 

DKSCIUPTION  OF  TIIK  PKIXCIPAL  ClIEMtCAr.  ELE.MKNTS  AND  TIIEIU 
IXOKGAMC  CO.M POUNDS. 

47.  Description  of  Elements  and  Compounds  It  Is  in¬ 
tended  in  tliis  eli;H)ter  to  <,dve  a  very  brief  description  of  tlio.se  elements 
and  their  inorganic  compounds,  which  are  inon*  or  less  dii'(*ctly  connected 
with  the  chemistry  of  wheat,  dour,  and  bread,  and  to  which  I'l'ference 
may  be  made  in  the  latter  part  of  this  work  .Such  de-scrijitions  as  ari* 
here  given  must  not  b(‘  viewed  as  being  in  any  way  a  substitute  for  a 
careful  .stud}'  of  elementary  chemistry.  It  is  thought,  however,  that  to 
many  readers,  more  particularly  tho.se  who  may  not  have  the  time  for 
such  a  systematic  course,  an  account  such  as  is  to  follow  will  be  found 
of  service. 

48-  Hydrogen,  Ha- — This  element  is  a  gas,  and  is  the  lightest 
sul)stance  known  ;  it  is  consequently  selected  as  tlie  standard  by  which 
the  density  of  other  gases  is  measured.  One  litre  of  hydrogen  at  N.T.P. 
weighs  0‘08i)G  gram.  Hydi'ogen  has  also  the  lowest  atomic  w’eight  of 
all  the  elements,  and  is  therefore  also  selected  as  the  unit  of  the  modern 
system  of  atomic  or  combining  weights.  Hydrogen  is  colourless,  odour¬ 
less,  tasteless,  and  non-poisonous.  It  is  not  capable  of  supporting 
respiration,  and  therefore  animals  placed  therein  quickly  die  through 
lack  of  propel-  air  to  lireathe.  Hydrogen  is  iiiHammable,  and  burns  with 
a  pale  blue  tlame  ;  it  does  not  support  combustion.  Hydrogen  is  only 
very  slightly  .solulile  in  water. 

49.  Oxygen,  0.2- — l  ids  element  is  a  colourless,  odourless,  and 
non-intlammable  gas.  Its  most  remarkabh'  feature  is  that  it  supports 
combustion  and  also  resjiiration.  bodies  which  lutrn  in  ordinary  ait- 
do  so  because  that  substance  is  a  mixture  of  oxygen  and  nitrogen  ;  they 
burn  with  much  increased  bi'illiancy  in  oxygen.  The  ri'sjiiration  or 
breathing  of  animals  consists  of  a  removal  of  oxygen  from  the  air,  and 
a  return  thereto  of  carbmi  dioxide  gas;  the  activity  of  oxygen  renders 
it  injurious  to  breathe  in  a  j)ure  state:  in  air,  the  nitrogen  acts  as 
a  diluting  agent,  without  modifying  the  essential  characteristics  of  the 
gas.  Oxygen  is  soluble  in  water  to  the  extent  of  three  voluiiu-s  of  the 
gas  in  one  hundri-d  volumes  of  water  at  15°  C.  This  ([uantity,  though 
small,  is  of  vast  inqiortance,  as  it  thus  supiiorts  the  life  of  tish(>s,  and 
has  also  a  most  important  action  on  fermentation.  Although  oxygen  is 
such  an  essential  to  most  forms  of  life,  there  are  some  of  the  lowi-r 
mici-oscopic  organisms  towards  which  it  acts  as  a  most  em-rgetic  poison. 
Compounds  produced  by  th(‘  union  of  elements  with  oxygen  are  ternu-d 
“  oxides.” 
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50.  Ozone,  O..,  • — This  body  is  <1  f^aseous  substance  consisting  of 
]>ure  oxygen,  l)ut  having  a  density  of  I'd  instead  of  IG.  This  is  due  to 
tliere  being  .G  atoms  of  tlie  element  in  the  molecule,  instead  of  2  as  in 
ordinary  oxygen.  (Jzono  has  a  j)eculiar  odour  ;  and  is  jiroduced  during 
the  working  of  a  frictional  electric  machine,  when  its  smell  is  recognisecl. 
Traces  of  this  gas  exist  in  the  air  in  mountainous  districts,  and  liy  the 
.sea  side.  By  exposure  to  a  temperature  of  2.‘57°  C.  ozone  is  transformed 
into  ordinary  oxygen.  Ozone  is  a  powei’ful  oxidising  agent,  and  is 
iinmical  to  the  growth  and  development  of  germ  life. 

51.  Water,  H2O  . — This  most  important  compound  consists  of  two 
volumes  of  hydrogen  united  to  one  volume  of  oxygen,  to  form  two 
volumes  of  water-gas  or  steam.  By  weight,  water  contains  IG  parts  of 
oxygen  to  2  of  hydrogen.  Water  in  the  pure  state  is  odourless  and 
tasteless ;  viewed  through  thick  layers  it  has  a  blue  colour.  At  tem¬ 
peratures  below  0°  C.  water  exists  in  the  solid  state;  on  being  heated, 
ice  expands  until  a  temperature  of  0“  C.  is  leached.  At  this  point  the 
ice  begins  to  melt ;  the  tempei’ature  remains  stationary  until  the  whole 
of  the  ice  is  melted,  but  in  order  to  effect  the  change  from  the  solid  to 
the  liquid  condition  as  much  heat  is  required  as  would  be  .sufficient  to 
raise  79  times  the  weight  of  water  from  U°  to  1°  C.  Ice  in  melting 
contracts  in  bulk  ;  10'9  volumes  of  ice  producing  10  volumes  of  water. 
As  the  ice  cold  water  is  further  heated,  contraction  continues  until  a 
temperature  of  4°  C.  is  I’cached  ;  at  this  point  water  is  at  its  maximum 
density,  and  any  given  weight  of  it  occupies  its  minimum  volume. 
With  further  apjilication  of  heat  the  water  expand.s,  and  also  rises 
steadily  in  temperature.  In  metal  ves.sels  open  to  the  air,  water  boils 
at  a  temperature  of  100°  C.  Continued  heating  now  converts  the  whole 
of  the  water  into  steam,  but  does  not  rai.se  the  temperature.  The 
(juantity  of  heat  necessary  to  convert  the  whole  of  the  water  at  100°  C. 
into  steam  at  the  same  temperature  would  i-aise  i'^'M  '2  times  the  weight 
of  water  from  0°  to  1°  C.  kSteain  in  being  further  heated  expands,  and 
may  have  its  temperature  raised  indefinitely  :  steam  follows  the  same 
hiw  of  exiiansion  on  increase  of  temperature  as  do  other  gases.  Steam, 
on  being  cooled,  passes  through  a  .series  of  changes  which  are  the 
<‘xact  converse  of  those  just  desciibed.  At  all  temperatures  water  gives 
off  vapour,  but  with  much  greater  rapidity  as  the  tempei'ature  ap¬ 
proaches  the  boiling  i)oint.  This  vapour  exei'ts  a  (h'finite  i)ressure,  the 
jiressure  increasing  steadily  with  the  tem})erature  ;  at  the  lioiling  point, 
the  pressure  exerted  by  the  vajtoui’  of  water  is  exactly  e(]ual  to  that  of 
the  atmosphere;  cons(‘iiu<mtly,  if  the  atmospheric  pre.ssure  lie  diminished, 
the  boiling  jioint  of  water,  and  also  that  of  all  otlnn-  licpiid.s,  is  lowered. 
Advantage  is  taken  of  this  jiroperty  in  many  o])t>rafions  i?i  the  arts;  thu.s, 
in  driving  oil'  the  wati'r  from  sugar  solutions,  as  in  the  jirc'pai'ation  of 
malt  extract,  the  boiling  is  (  li'ected  in  a  vacuum,  and  so  the  temperature 
prevented  from  rising  to  any  great  height.  On  the  othi'r  hand,  by 
subjecting  water  to  pressure-,  its  boiling  jioint  might  In-  rai.sed  to  any 
temperature  attainabh-,  the  only  limit  being  the  caiiacity  for  n-sisting 
tlie  pressure  of  the  material  of  the  ve-ssel.  The  tube-s  of  sti-am  ovens 
aree  constructed  on  this  ])rinci})le — a  c('i-tain  (ptantity  of  wati-r  is  scaled 
up  in  them,  which,  on  being  heated,  is  converted  into  steam.  Inn  ing  a 
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.sullicientlv  liigli  teni])eriiture  to  eflect  the  haking  of  hn'ad.  Tlio  hoiliiig 
]H)int  of  water  also  depends  on  any  snhstances  it  may  have  in  solution. 
.Salt  and  other  non-volatile  l)0(lies  raise  the  teinperatuie  of  the  hoiling 
])oint,  hut  do  not  aliect  that  of  the  steam  jiroduced,  wliieh  immediately 
falls  to  100°  C.  Admi.xture  of  volatile  bodies  lowers  the  hoiling  point  ; 
thus,  water  to  which  alcohol  has  been  added  boils  at  a  Omiperature 
below  100°  C.  until  the  whole  of  the  alcohol  has  been  e-xpelled. 

52.  Solvent  Power  of  Water. — Water  is,  of  all  bodies,  pre¬ 
eminently  the  solvent  in  nature.  It  dis.solves  more  or  less  of  all  gases  ; 
thus,  as  previously  stated,  oxygen  is  .soluble  in  it  to  the  extent  of  about 
3  volumes  ))er  100.  On  the  other  hand,  one  volume  of  water  at  0°  C. 
dissolves  lO-oO  volumes  of  ammonia  gas.  i\Iany,  if  not  most,  liquids 
mix  readily  (or  are  miscible)  with  water  in  all  proportions  ;  others,  as 
■oil,  ether,  etc.,  do  not  so  mix,  but  are  nevertheless  freipiently  in  ])art 
dissolved  by  the  water.  Most  solid  bodies  also  dissolve  in  water  ;  water 
usuallv  dissolves  more  of  these  substances  when  hot  than  when  cold  : 
this,  however,  does  not  invariably  apply;  thus,  salt  dissolves  to  as  great 
an  extent  in  cold  as  in  hot  water.  As  a  result  of  this  proper!}',  water 
is  never  found  in  a  state  of  purity  in  nature.  Even  rain  is  found  to 
have  dissolved-out  traces  of  solid  matter  that  were  suspended  in  the 
air,  while  river  and  spring  water  is  always  more  or  less  impure  from 
saline  and  other  matter  dissolved  from  the  soil  and  rocky  strata  from 
whence  it  is  obtained.  In  afldition  to  the  solid  matter  there  is  also 
invariably  more  or  less  gas  held  in  solution  in  natural  waters.  A 
further  account  of  natural  waters,  having  i)articular  I’eference  to  their 
litness  for  bread-making,  is  given  in  a  future  chapter.  For  chemical 
purposes  all  such  water  is  purified  by  distillation,  that  is,  it  is  converted 
into  steam,  and  re-condensed  ;  the  .solid  impurities  then  I'emain  behind. 
This  ti'eatment  does  not,  however,  free  the  water  from  gases  or  from 
N'olatile  inq)urities.  For  certain  purposes  where  rigidly  puie  M'ater  is  a 
necessity,  sjiecial  modes  of  ])r'eparation  have  to  be  adopted  :  these  will 
be  described  in  detail  hereafter. 

53.  Chlorine,  CL  -This  element  is,  at  ordinary  temperatures,  a 
gas  of  a  greenish  yellow  coloui-,  with  a  most  pungent,  acrid,  and  suflocat- 
ing  odour  and  taste.  The  pre.sence  of  comparatively  small  quantities 
renders  air  irrespii  aide.  Chlorine  is  non-inllammable  ;  but,  to  a  limited 
extent,  supjjorts  combustion.  Hydrogen  burns  in  it  readily,  but  carbon 
is  incapable  of  direct  combination  with  chloi’ine.  Chlorine  does  not 
exist  in  the  free  state  in  natur(' ;  it  has  so  great  an  attraction  for 
hydrogen  that  it  slowly  decomposes  water,  combining  with  the  hydrogen 
and  lil)erating  oxygen  in  the  free  state.  Water  dissoh  es  L’-.'UIS  volumes 
of  chlorine  at  lo"  C.  ;  the  solution  has  a  ])owerful  bleaching  action  on 
vegetable  colours,  and  also  is  a  most  ellicient  disinfectant.  Chlorine 
foi'ins  compounds,  termed  ‘'Chlorides,”  v  ith  all  other  elements. 

54.  Hydrochloric  Acid,  HCl.  Th  is,  the  oidy  known  compound 
of  hydrogen  and  chlorine,  is  a  gaseous  body.  Hydrochloric  acid  gas  is 
col(;url(!ss,  fumes  in  coming  in  contact  with  moist  air,  has  a  most  pun¬ 
gent  simdl,  and  is  neithei'  inllammable  nor  a  supporter  of  coml)ustion. 
One  volume  of  hydrogen  unites  with  one  volume  of  chlorint;  to  pi'oduce 
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two  volumes  of  liy(lr<ifliloric  ;ieid  ,i>as.  Tlie  "as  dissolves  readily  in 
water,  one  volume  of  which  at  15'  C.  holds  in  solution  4.04  volumes  of 
the  yas.  d  he  eoneentrated  solution  funu's  on  exposui'e  t()  air,  and  smells 
strongly  of  tlu*  "as  ;  it  has  an  extremely  sour  taste,  aiul  tuiais  litmus 
solution  r(al.  The  eomnuucial  solution  has  a  specific  "I’avitv  of  about 
1'16,  and  contains  about  .'b'f  per  cent,  (one  third)  bv'  weight  of  hydro¬ 
chloric  aci<l.  Hydrochloric  acid  attacks  many  of  the  metals  formiii" 
chlorides,  with  the  ('Volution  of  hydrogen.  Hydrochloric  acid  and  the 
bases  when  jdaced  in  contact  form  the  salts  known  as  chlorides.  Hydro¬ 
chloric  acid  and  the  chlorides  may  In*  recognised  when  in  solution  liy 
their  giving  a  curdy  whit(‘  ])r('cipitate  on  the  addition  of  dilute  nitric 
acid,  and  nitrati;  of  silver  solution. 

55.  Chlorides. — Common  salt,  oi-  sodium  chloride,  NaCl,  is  tlu' 
most  im]>ortant  of  the  chlorides.  Its  princijial  u.se  is  as  an  antisejitic 
oi-  preventative  of  putrefaction  ;  its  etiect  during  fermentation  of  dough 
will  be  discussed  hereafter.  Other  chloi  ides,  as  calcium  chloride,  CaCl^. 
will  be  referred  to  as  occasion  arises. 

56.  Bleaching  Powder,  or  Chloride  of  Lime,  CaOCl.,.- 

This  body  is  produced  by  the  union  of  lime  (calcium  o.xide)  with 
chlorine.  The  addition  of  almost  any  acid,  even  carbon  dioxide,  is 
sutlicient  to  effect  its  (h'comjiosition,  liberating  free*  chlorine.  Chloride 
of  lime  is  consecjuently  largely  used  for  disinfecting  purposes. 

57.  Carbon,  C. — This  element  is  oidy  known  in  the  solid  state, 
being  incapable  of  ]i(juefaction  or  vaporisation  at  the  highest  temp(‘ra- 
tures  at  our  command  (except  possibly  at  the  highest  ti'inperatures 
of  the  electric  arc).  It  exists  in  nature,  uncombined  with  other 
elements,  in  two  forms  or  varieties  most  strikingly  different  from  each 
otlu'r.  One  of  thes('  constitutes  the  g(‘m  known  as  the  diamond,  the 
other  is  gi-aphite,  or  black  lead.  Both  these  bodies  ar('  almost  pun' 
carbon.  Carbon  also  occurs  plentifully  as  a  constituent  of  animal  and 
vegetable  substaneexs,  as  flesh,  bones,  fat,  wood,  leaves,  seeds,  and  the 
almost  numb('i'less  bodies  that  may  be  obtained  from  them.  Limestone, 
marble,  and  chalk  rocks  contain  a  large  jtercentage  of  carbon  ;  so  also 
does  coal,  which  is  simply  fossilised  wood.  From  llc'sh,  bones,  wood, 
and  many  other  substances,  carbon  may  be  obtained  by  heating  them 
to  redness  in  a  closc'd  v('.ss('l  :  this  form  of  carl)on  is  termed  “charcoal,” 
that  from  bones  being  “animal,”  and  that  from  wood  “  NX'getable  char- 
cOid.”  Carbon  prej)ared  in  this  manner,  or  charcoal,  is  a  black  sub¬ 
stance.  The  ojH'ration  of  thus  lu'ating  a  substance  in  a  clos('d  vt'ssel  to 
a  temperatures  sulliciently  high  to  effect  its  decomposition  into  volatile' 
lieiuid  and  gaseous  pi’oducts,  with  usually,  as  in  this  case,  a  non-vohitile 
residue,  is  tei  nie'd  “  de'Structive' distillation.”  All  forms  of  I'arbon  are' 
inllammable,  AN’he'ii  burned  with  an  insullicient  supply  of  oxyge*n, 
carbon  monoxide',  CO,  is  pi'oduced  ;  with  e'xce'.ss  of  oxygen,  carbeui 
dioxide,  or  C(  )o,  is  formesd.  Charcoal  posse'sses  a  most  remarkables  pro¬ 
perty  of  absorbing  and  condensing  gase's  within  its  jiore's  ;  thus,  freshly- 
burnt  wood  charcoal  is  capable'  of  abseirbing  jdieait  niiu'ty  time's  its 
\()lum(!  of  ammonia  gas.  Chai’coal  also  absorbs  conside'rable  epiantities 
of  oxygen  ;  and  among  other  gases,  those  evolved  during  the'  putrefac- 
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tion  t)f  iiiiiiiial  and  v(\<fptal)lp  bodies.  The  <fase.s  resulting  fixnn  putre¬ 
faction  an*  larn'ely  conii)osed  of  carbon  iiiid  liydro^'en,  and,  when  thus 
broipiilit  by  their  ab.soi-ption  within  the  charcoal  so  closely  in  contact 
with  o.xyi'en,  are  rapidly  burned  or  oxidised  to  carbon  dioxide,  water, 
and  more  or  less  of  other  inodorous  and  innocuous  substance.s.  Charcoal 
thus  acts  as  a  remedy  for  bad  smells,  and  acts  not  by  masking  them  by 
a  more  jiowerful  odour,  but  by  absorption  of  the  deleterious  vapours, 
and  their  conver.sion  in  harmless  products.  In  this  way  charcoal  is  also 
caj)able  of  removing  evil  smells  from  water:  for  instance,  water  from  a 
stagnant  pond  on  being  shaken  up  with  charcoal  loses  its  disagreeable 
odour.  Not  only  does  charcoal  act  as  an  absorbent  of  gases,  but  it  also 
removes  many  colouring  matters  from  solution  ;  thus,  a  .syrup  of  dark 
brown  sugar  on  being  shaken  up  with  animal  charcoal,  and  then  filtered, 
may  be  imide  almost  colourless.  These  propei'ties  of  charcoal  have  led 
to  its  tinding  much  favour  as  a  filtering  medium  for  the  purification  of 
water  ;  for  this  purpose  it  is,  when  fi'esh,  of  great  efhcacy,  but  after 
a  time  loses  its  activity  by  becoming  saturated  with  the  bodies  it  is 
intended  to  remove.  All  filters  require  from  time  to  time  to  be  taken 
apart,  and  the  filtering  medium  removed  and  replaced  by  some  fresh 
and  pure  material.  Charcoal  may  be  renovated  by  being  heated  to 
redne.ss  in  a  closed  vessel.  With  the.se  precautions,  charcoal  forms  one 
of  the  best  of  filtering  agents;  but  Avitliout  attention  to  continuous 
cleaning,  filters,  so  far  from  puiifying  water,  become  positive  sources  of 
the  most  .sericais  and  dangerous  impurities.  Charcoal  is  frequently  used 
in  the  laboratory  for  decoloui'ising  purposes. 

58.  Carbon  Monoxide,  CO.  This  compound  is  a  colourless, 
odourless,  and  exceedingly  poisonous  gas.  It  is  formed  when  cai'bon 
dioxide  gas  passes  over  red-hot  charcoal,  as  it  frecjuently  does  in  a  clear 
coke  or  charcoal  fire.  The  carbon  monoxide  thus  produced  burns  with 
a  blue  flame  on  the  surface  of  the  tire.  Carbon  monoxide  is  :ilso  formed 
together  with  free  hydrogen  when  steam  is  j)assed  through  a  red-hot 
carbon  mass,  such  as  a  fire  of  burning  coke.  The  gas  is  inflammable, 
and  in  burning  yields  carbon  dio.xide.  Carbon  monoxide  has  no  action 
on  lime-water. 

59.  Carbon  Dioxide,  COo.-  —This  gas  plays  a  most  important 
part  in  the  chemistry  of  bread-making.  It  is  colourless,  has  a  sweetish 
tBste,  and  {jeculiarly  brisk  and  pungent  odour.  As  carbon  dioxide  is  an 
essential  constituent  of  ieratecl  waters,  its  taste  and  smell  are  familiar, 
being  those  perceived  on  ojiening  and  tasting  the  contents  of  a  bottle  of 
soda-water.  Cai'bon  dioxide  is  neither  inflammable,  nor  under  ordinary 
circumstances  a  siqiporter  of  combustion.  'Jdie  gas  is  poisonous  to 
breathe,  but  may  be  taken  into  the  stomach  without  injury.  Liquids 
containing  carbon  dioxide  gas  in  solution  are  marked  by  a  pleasant 
brisk  flavoui'.  Carbon  dioxide  has  a  density  of  -'2,  and  is  1  027  times 
as  heavy  as  ordinary  air.  In  the  absence  of  air  currents,  it  cons('(|uently 
has  a  tendency  to  remain  a  consiih'rable  time  in  a  layi'r  on  the  surface 
of  liquids  fi'om  which  it  is  being  evolved,  jiarticularly  when  they  are 
in  somewhat  confined  spaces.  Carbon  dioxide  is  soluble  in  about  its 
own  volume  of  water:  as  measured  by  voluna*  the  solubility  is  inde- 
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pendoiit  of  tlio  juossure  to  wliicli  tlie  ((as  is  sultject.  Thus,  if  100  cubic 
inches  of  water  lie  shaken  uji  witli  carlxui  dioxide  at  tlie  oi'dinary 
atinospliei'ic  pressuie  of  about  lb  Ib.s.  to  the  s(iuare  incli,  tlie  water  dis¬ 
solves  at  lb  C.  its  own  volume  of  the  ^as.  If  the  pri'ssure  be  increased 
to  30  lbs.  per  scpiare  inch,  the  water  still  dissolves  100  cubic  inches  of 
carbon  dioxide,  but  as  with  double  the  jiressure  the  density  of  the  ‘'as 
is  doublerl,  it  is  evident  that  the  doubled  pressure  results  in  effecting 
the  solution  of  twice  the  wei^L'ht  of  carbon  dioxide  .I'as.  The  weight  of 
carbon  dioxide  tlissolved  by  water  is  therefore  in  direct  jiroportion  to 
the  pressure  employed.  Concentrated  solutions  of  carbon  dioxide  i^as 
in  water  are  jirepared  by  jHimpintf  the  f^as  under  pressure  (some  10  or 
T4  atmosjihercs)  into  a  strong  vessel,  in  which  it  is  agitated  with  water. 
The  solution  thus  obtained  is  permanent  under  jiressure,  but  on  its 
relaxation  the  carbon  dioxide  is  again  liberated  in  the  gaseous  state. 
Carbon  dio.xide  may  be  obtained  in  a  variidy  of  ways  ;  the  simplest  is 
by  the  burning  of  carbon,  or  organic  bodies  containing  carbon,  in  air 
or  oxygen — 

C  -f  O.,  =  CO2. 

Carbon.  Oxygen.  Carbon  Dioxide. 

It  is  iilso  produced  when  chalk,  limestone,  or  marble  (ciilcium  carbonate) 
is  heated  to  full  redness — 


CaCOg  =  CaO  +  CO,. 

Calciiini  Carbonate.  Calcium  Oxide  (Dime).  Carlion  Dioxide. 
Likewise,  by  gently  heating  sodium  bicarbonate  or  ammonium 


boiiiite — 

•IXallCOa 

Na.,CO,,  -F 

H.,0 

-F  CC.,. 

S(jdium  Dicarbonatfc. 

Sudinm  Carlionate. 

Water. 

Carlam  Dioxide. 

(NIU,c()3 

UNH,  + 

11,0 

+  CO.,. 

Amiiimiimn  Carl)onate. 

.\mmouia. 

Water. 

Carl)on  Dioxide. 

car- 


Another  method  of  obtaining  cai'bon  dioxide  is  by  treating  iiny  Ciir- 
bonate  with  an  acid  :  the  following  etputtions  repre.sent  a  few  of  the 
2)rincij)al  of  such  rciictions — 


CaCO,  + 

•_>HC1 

CaCl.,  -F 

-F  CO... 

Calcium  Carlxmate. 

Jlydrocblorie  -Vcid. 

Calcium  Chloride. 

Water. 

Carbon  Dioxide. 

CilCC).|  -i- 

I  l.,SO,  = 

CaSO,  + 

H.,0 

-F  CO,,. 

Calcimn  Carlionate. 

Snliduirie  .-Vcid. 

Calcium  Suliihate. 

Water. 

Carbon  Dioxide. 

Ka.,CO,,  + 

21IC1 

2NaCl  -F 

ILO 

+  C( ).,. 

.Sodium  Carbonate. 

Hydrochloric  Acid. 

StMliiini  cliloride 
((Vuiumm  Salt). 

Water. 

Carbon  Dioxide. 

Ciirbon  dioxide  is  ;i1ho  evolved  during  ;dcoholic  ft'rmentidion,  iuid  the 
putrefaction  and  decay  of  orgainc  bodies.  An  aijueous  solution  of  car- 
Ijon  dioxide  gas  changes  th(‘  coloui-  of  litmus  solution  from  full  blue  to 
a  poi  t  wine  tint ;  such  ii  solution  h;is  feebly  acid  pi'o]ierties  iuid  forms 
with  biises  the  salts  termed  carbon;ites.  The  solutitm  in  wiiter  m:iy  be 
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viewed  iis  cai-lionic  acid,  i[.XX).j;  hence  the,  ,i>as  is  frecjiieiitly  called 
carbonic  anhydride.  Formerly  the  term  acid  was  ai)plie(l,  hy  souk* 
chemists,  indiiierently  to  the  anhydrides  a?id  their  comiiounds  with 
wat(‘r  ;  carbon  dioxide  then  received  the  name  of  “cai-honic  acid  fi,as,” 
by  which  it  is  still  i>opularly  known.  iModern  detinitions  of  an  acid 
prechnh^  this  name  bciipa;  now  correctly  applied  to  what  are  propei'ly 
termed  anhydrides. 

60.  Carbonates.  With  the  exception  of  those  of  the  alkalies,  all 
carbonates  are  insoluble  in  water;  many  are,  however,  dissolved  hy 
water  containing;  carbon  dioxide  in  soluticm.  The  most  int(>r(‘stin^’ 
example  of  this  is  the  solution  of  considerable  ([uantities  of  carbonate 
of  lime  in  natural  waters  obtained  from  the  chalk  and  other  limestone 
<leposits.  Such  waters,  altlK)U,iL;h  perfectly  clear,  become  turbid  on  hein<>- 
boiled  fi’om  tifteen  to  thirty  minutes  ;  the  hoilinc;  drives  off  the  carbon 
dioxide,  and  the  calcium  carbonate  is  precipitated  in  the  insoluble  state. 
The  formation  of  carbonates  is  exemplitied  by  the  passai^e  of  carbon 
^dioxide  yas  into  lime  wat(‘r,  i.e ,  a  solution  of  lime  in  water,  Call.jO.j ; 
the  insoluble  calcium  caihonate,  or  carbonate  of  lime,  is  ])roduced,  and 
turns  the  clear  solution  milky.  This  foi’ins  a  useful  and  convenient 
test  for  the  presence  of  carbon  dioxide  in  any  mixture  of  yases.  ^lost 
carbonates  are  easily  decoinjiosed  hy  the  addition  of  an  acid,  with  the 
formation  of  the  coi-respondinc;  salt  of  the  acid  used.  Several  instances 
of  this  action  have  been  given  w'hen  describing  methods  for  the  jjroduc- 
tion  of  carbon  dioxide.  The  acid-  or  hi-carbonates  have  one  half  only 
of  the  hydrogen!  replaced  by  a  metal;  they  may  he  produced  by  passing 
cai'bon  dioxide  gas  tej  excess  through  a  solution  of  the  normal  carbonates 
of  the  nlkalies.  The  hicai-honates  are  readily  decomposed  hy  heat  into 
normal  carbonates,  free  carbon  dioxide,  and  waiter. 

61.  Compounds  of  Carbon  with  Hydrogen. — These  are 
exceedingly  numei'ous  ;  an  account  of  some  of  those  of  most  importance 
will  he  given  when  desciibing  the  organic  bodies  more  particularly 
associated  with  our  subject.  As  a  gi'ou}!,  they  are  termed  “hydrides 
of  carbfjn.” 

62-  Nitrogen,  No. — This  gas  constitutes  about  four-fifths,  by  volume, 
of  th(‘ atmosf)hei'(‘ ;  it  is  also  a  constituent  of  niti  ic  acid  and  its  salts, 
and  of  many  animal  and  vegetable  substances.  Nitrogen  is  colourless, 
odourless,  tasteless,  non  inllammahle,  and  a  non-su])portei' of  combustion. 
It  does  not  leailily  enter  into  combijiation  with  othei-  (dements,  and  in 
the  free  state  is  marked  ratluu-  by  its  neutral  (pialities  than  by  any 
[lositive  characteristics.  In  th((  uncombined  state  its  prineijial  function 
is  that  of  a  diluting  agent  in  the  atmosphen*.  Although  not  an  active 
element,  niti'ogen  h^rms  an  extensive  scudes  of  compounds. 

63.  The  Atmosphere.  -It  has  already  been  stated  that  th(> 
atmosphere  c(jnsists  essentially  of  oxygen  and  nitrogen  ;  thes(>  gasc's  are 
not  unit(‘d  in  any  way,  hut  sim])ly  form  a  nuadianical  mixtin-e.  In 
addition  to  tlu;  nitrogen  and  oxygen,  air  contains  small  (plant ities  of 
carbon  dioxide;,  water  vapour,  and  traces  of  othiu'  substances.  Suh- 
joimid  is  a  table  showing  its  average  composition  : — 
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OxyncM,  ().„  ...  ...  ...  ...  20-01 

Nitroi^cn,  ...  ...  ...  TT-OO 

Carbon  Itio.xide,  CO.„  ...  ...  0-04 

j\(liR‘ous  \"aj)oui-,  H.jlJ,  ..  ...  1'40 

N it  rif  Acid,  1 1 X^ O^,  ...  ...  . . .  j 

Aininonia,  X’ H.,,  ...  ...  ...  Traces. 

Hydrides  of  Carbon,  ..  ...  ...  | 

In  f  bulpiniretted  llydro^'en,  fSHj,  ...  I 

towns.  I  Sulpliur  Dio.xide,  S(  b,  ...  ...  j  ” 


Air,  fi-eed  from  moisture  and  carbon  dioxide,  contains  tlie  following 
percentagi'S  of  nitrogen  and  oxygen:  — 

liy  Me.isure.  B.v  Weight. 

X'itrogen,  ...  ...  TSM!)  70-9!) 

Oxygen,  ...  ...  20-Sl  23-01 


100-00  100-00 

In  addition  to  the  bodies  aln-ady  mentioned,  air  in  most  localities 
contains  .germs  of  miscroscopic  (jrganisms. 

64.  Ammonia,  NHg. — Traces  of  this  .gas,  either  in  the  free  state 
or  as  salts,  are  found  both  in  air  and  in  water.  Its  great  natural  source 
is  the  decomposition  of  animal  and  vegetable  substances  which  contain 
nitrogen  as  a  constituent.  In  this  way,  ammonia  is  continually  bein.g 
formed  in  nature  by  the  decay  of  refuse  nitrogenous  matter,  such  as  the 
urine  and  excreta  of  animals,  and  other  Itodies.  INIany  nitrogenous 
vegetable  and  animal  substances  also  evolve  ammonia  on  being  stron.gl}' 
heated  :  among  these  is  coal,  which  thus  forms  tlu'  iirincipal  source  from 
which  ammonia  is  now  derived.  Ammonia  is  a  colourless  gas,  with  a 
most  pun.gent  and  charactei-istic  odour:  in  the  concentrated  state  the 
gas  acts  as  an  irritant  poison,  ))ut  when  diluted  with  air  possesses  a  smell 
rather  pleasant  than  othei-wise.  Ammonia  does  not  su})port  combustion, 
and  at  ordinai-y  temperatures  does  not  burn  in  air.  The  gas  is  very 
soluble  in  wati'r  ;  the  .solution  has  the  odour  of  tlu:  gas,  and  constitutes 
what  is  commonly  known  as  “  liciuid  ammonia.”  Ammonia  acts  as  a 
IKJwerful  alkali,  neutralising  the  strongest  acids,  and  n'storing  the  blue 
colour  to  n-ddened  litmus. 


65.  Ammonium  Salts. — 6n  the  addition  of  an  acid,  such  as 
either  sulphuric  or  hydrochloric,  to  ammonia,  tlu*  odoui-  disa]ipeai-s,  and 
the  acid,  as  above*  stat(*d,  is  found  to  be  completely  neutralised.  The 
reaction  may  be  exju’essed  thus  :-  - 

Xlb,  +  IICI 

lly(li'()(  liloi  ic. 


Nil, Cl. 

Amniiiiiiiiin  ('hloride. 


Nil. 


Aiuinoiiia. 


ii^w, 

Siiliihuric 


(Nil,), SO,. 
..\miii()iiiuiu  .-'ulidiate. 


f)n  comjearing,  in  each  case,  the  formula  of  tlu*  resulting  comjiound 
w-ith  that  of  the  acid,  it  will  be*  seen  that  the  gi-oup  X"ll,  re-jilaces  tlu* 
hydroge-n  of  the  acid.  'J'his  comjiound,  Nil,,  cannot  ('xist  in  the  free* 
state,  but  occui-s  in  a  number  of  chemic-al  compounds,  and  can  bi-  trans- 
fei-red  from  one  to  another  without  undergoing  decomposition.  It  is 
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consoiiuontly  viewed  ;is  a  CDiiijimiiul  radical,  and  lias  received  tlie  name 
“  Ainnioniuni.”  The  solutinn  of  ammonia  in  watm-  may  tlien  be  rejire- 
sented  as  ammonium  liydrate,  Nll^HO  ;  this  body,  wliicli  is  alkaline  to 
litmus,  is  then  seen  to  be  analoifous  to  sodium  hydrate,  NaHO,  the 
ammonium  occupyin;;-  a  corresiiondiiii'  place  to  the  sodium.  This  is 
seen  the  more  clearly  when  a  comparison  is  instituted  between  the 
action  of  the  same  acid  uiion  each  : — 

XHJIO  +  11  Cl  =  Xfl.Cl  +  H./). 

Amnioniuni  Hydrate.  Hydrochloric  Acid.  Aninioiiiuin  Chloride.  Water. 

NaHO  +  HCl'  =  NaCl  -i  TU). 

Sodium  Hydrate.  Hydrochloric  Acid.  Sodium  Chloride  Water. 

Ammonium  is  often  represented  by  the  symbol  “Am.”  instead  of  NHj. 
The  strono;er  bases,  as  lime,  CaO,  or  .soda,  NaklO,  decompose  ammonium 
salts  with  the  liberation  of  ammonia  : — 

NH,C1  +  NaHO  =  NaCl  +  NH,  +  H/). 

.Animouium  Chioride.  .Sodium  Hydrate.  Sodium  Chioride  Ammouia.  Water. 

All  ammonium  salts  volatise  on  beino-  heated,  leaving  no  residue,  unless 
the  acid  be  non-volatile,  in  which  case  the  acid  remains  behind. 

66.  Oxides  and  Acids  of  Nitrogen. — No  less  than  five  distinct 
compounds  of  nitrou'en  with  oxygen  arc  known.  These,  however,  have 
but  little  connection  with  our  present  subject.  Two  of  these  oxides 
form  acids  with  water — the  acids  being  Nitric  Acid,  11  NO.,,  and  Nitrous 
Acid,  HNOg. 

67.  Nitric  Acid,  HNO,,.  — This  is  by  far  the  most  imjiortant  oxy- 
compound  of  nitrogen.  Its  usual  source  in  nature  is  the  oxidation  of 
animal  matter  in  the  soil.  The  nitric  acid  thus  ])roduced  is  found  in 
combination  with  some  base,  usually  as  potassium  or  calcium  nitrate. 
Pure  nitric  acid  is  a  colourless  fuming  liipiid  ;  commonly,  however,  the 
acid  is  of  a  slightly  yellow  tint,  from  the  presence  of  some  of  the. 
low'er  oxides  of  nitrogen.  The  pure  aci<l  has  a  specific  gravity  of  l’.o2, 
and  mixes  with  water  in  all  j)i'oportions.  Nitric  acid  is  a  most  power¬ 
ful  oxidi.sing  agent,  and  attacks  most  animal  and  vc'getable  tissues  with 
great  vigoui'.  It  also  fieely  dissolves  most  of  the  metals,  forming 
nitrate.s.  Hold  and  platinum  are  not  aflectc'd  by  this  acid  when  pure, 
l)ut  aie  dissolv(‘d  with  the  foi-mation  of  chlorides  by  a  mi.xture  of  nitric 
with  hydrochloric  acid.  Peducing  agents  conviu't  nitric  acid  into 
nitrous  acid,  or  some  one  or  more  of  the  oxid(“s  of  niti’og(‘n  containing 
less  oxygen.  Under  favourable  circumstances,  nitric  acid  may  even  Ix' 
reduc(‘d  to  ammonia  ;  that  is,  the  whole  of  its  oxygen  ma}'  he  removed, 
■and  its  placa;  occupied  by  hydi’ogen. 

68.  Nitrates. — The  ju  inciiial  of  these  is  jiotassium  nitrate,  KNOj. 
Like  nitric  acid,  the  nitrates  arc*  janverful  oxidising  agents. 

69.  Nitrous  Acid,  ENO.,.  and  Nitrites.— Nitrous  acid  is  an 

unstable  body  ;  it  is  at  tinu's  found  in  water  as  an  interme-diate  product 
in  the  oxidation  to  nitrates  of  nitrogeneous  matter  that  may  have  been 
])rcsent.  Potassium  nitrite,  KNCL,  is  one  of  its  best  kno\N  n  salts. 

70.  Sulphur,  Sa.  This  eleimmt  is  a  britth'  yellow  solid,  which 
burns  in  air  oi’  oxygen  with  the  formation  of  sulphur  dioxiih',  SO.^ 
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'L'he  pi'iiioipal  iiitcn'st  of  sulpluii',  in  connection  with  our  jn’cscnt  suhject, 
lies  in  its  compounds.  In  addition  to  its  occuri’encc  iii  nianv  inoi’j^anie 
liodies,  sul])luir  is  one  of  tlie  constituents  of  alhuinin  and  otlier  animal 
and  veyetahh!  suljstanci'.s. 

71.  Sulphuretted  Hydrogen,  SH.v-  -Tliis  hody  is  a  colourless 
yas,  having  a  most  disgusting  odour,  I'esemhling  that  of  rotten  eggs  ; 
the  gas  is  .soluble  in  water,  which  at  l.j°  C.  dissolv(>s  volumes  of 
sulidniretted  hydrogen.  During  the  decomposition  of  substances,  either 
of  animal  or  vegetable  origin,  containing  sulphur,  sul[)huretted  hydrogen 
is  one  of  the  bodies  evolved  :  it  is  from  the  yiresence  of  this  gas  that 
rotten  eggs  Jiccjidre  their  characteristic  oflour.  Sulphuretted  hydi’Ogen 
is  intlammahle,  and  produces  water  and  sidphur  dio.xide  by  its  com¬ 
bustion.  IMoist  sul])huretted  hydrogen  undei'got'S,  in  the  ja-esence  f)f 
oxygtm,  slow  oxidation,  with  the  foiniation  of  svater  and  deposition  of 
free  sulphur  ;  - 

1IIIS2  +  O2  =  S.,  +  2  II.,0. 

Sulplnuetteil  Hyilrogen.  Oxygen.  Sulphur.  Water. 

72.  Sulphur  Dioxide,  SO.>. — This  g;is  is  juoductal  by  the  com¬ 
bustion  of  sulphur  in  either  air  or  oxygen  :  it  is  colourless,  has  a  pungent 
(jdour,  rt'cognised  as  that  of  burning  sulphur  ;  is  neither  inthimmable 
nor  a  supporter  of  combu.stion.  Sulphur  dioxide  is  solubh*  in  water, 
which  at  a  tempeniture  of  15°  C.  dissolves  47  volumes  of  the  gas:  the 
solution  thus  formed  tastes  and  smells  of  the  gas,  it  reddens  and  finally 
bletiches  a  solution  of  litmus.  Sulphur  dioxide  is  ont*  of  the  most 
powerful  tintiseptics  known. 

73.  Sulphurous  Acid,  H.^SO;,  and  the  Sulphites.-  Sulphur 

dioxide  when  dissolved  in  water  produces  a  somewhat  unstable  acid, 
H.,St).,.  The  sulphites,  or  salts  of  this  acid,  an*  mostly  insoluble  in 
water,  the  piincipal  exceptions  being  sodium  suljiliite,  Na.^St)^,  and 
pota.ssium  sulphite,  in  addition  to  the  normal  sulphites,  acid  or  hisul- 
])hites  occur;  these  may  be  produced  by  jiassing  excess  of  sul})hur 
dioxide  into  a  solution  of  the  normal  .salts.  The  bisuljihites  readily 
evol\(*  sul])hur  dioxide  on  being  heated.  Calcium  sulphiti*  is  insolubh* 
in  water,  but  dissolves  in  a  solution  of  suljihurous  acid,  forming  calcium 
bisul]ihite,  oi- as  commonly  called  “bisulphiti*  of  liiiH*.”  l!isul])hitt'  of 
lime  is  largely  used  as  an  antiseptic.  Cmler  (la*  inthu'ncc*  of  oxidising- 
agents,  sulphurous  acid  and  tin*  sulphites  are  oxidised  to  suljihuric  acid 
and  sulphates. 

74.  Sulphuric  Acid,  H.jSOj,  and  the  Sulphates.  Sulphuric 

acid  is  oiu*  of  tin*  most  useful  chemical  compounds  known,  forming 
as  it  does  the  starting  ])oint  in  the  manufactuiH*  of  a  number  of  sub¬ 
stances  of  vast  imiiortanci*  in  tlu*  aids.  AVhen  in  the  ]>ure  state, 
sulphui'ic  acid  is  a  colourless,  odourk'.ss  li([uid  of  an  oily  consist(‘ncy  : 
this  latter  projiei'ty  has  led  to  its  receiving  the  ]iopulai-  name  of  “oil  of 
viti-iol  ;”  the  acid,  howevei-,  is  in  no  way  connected  ela'inically  with  tlu* 
class  of  bodies  known  as  fats  or  oils.  Sulj>hurie  acid  is  nearly  twice  as 
h(‘avy  as  water,  having  a  specilic  gravity  of  DS12;  it  boils  at  a  tc'iu 
perature  of  .558°  C.  Sulphuric  acid  has  a  grisit  .-ittraction  foi-  wat('r, 
with  which  it  probably  combines  to  foi'in  dt'tinite  hydi'ates;  considei'abh* 
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heat  is  erohaal  diiriii"  tlie  act  of  union.  Tn  eon.seciiu'nco  of  this  ailinity 
for  M-ater,  suljihnnc  acid  is  lara:('ly  nsc'd  as  a  desiccat ini'  o?-  dryino- 
ayjent  ;  on  exposure  to  tlie  air  tlie  acid  spe(>dily  increases  in  weiylit  l)y 
ahsorjition  of  water  va]>our,  and  the  air  hecoines  dry  ;  lienee,  if  a  vessel 
of  sulphuric  acid  he  placed  under  a  hell  jar,  it  speedily  produces  a  dry 
atmosphere  inside.  Less  concentrated  varieties  of  the*  acid  form  .staple 
articles  of  commerce.  Owing  to  this  attraction  for  water,  sulphuric  acid 
is  a  most  corrosive  hody  ;  wood,  paper,  and  most  vegetable  and  animal 
suhstances  are  vigorously  attacked  hy  it ;  the  acid  comliines  with  the 
hydrogen  and  oxygen  of  the  suhstance  in  the  proportions  in  which  they 
form  water,  and  leaves  hehind  a  mass  of  carhon,  together  with  any 
excess  of  either  hydrogen  or  oxygen  that  may  have  heen  present. 
This,  of  course,  does  not  in  all  cases  represent  the  whole  of  the  chemical 
action  that  may  have  occurred.  Dilute  sulphuric  acid  contains  water 
in  excess,  and  thi'refore  does  not  exhihit  this  dehydrating  tenrUmey 
when  jilaced  in  contact  with  other  bodies  ;  it  is  well  to  rememh<>r  this, 
because  in  a  number  of  reactions,  where  dilute  sulphuric  acid  is  em¬ 
ployed,  it  ]iroduces  not  merely  less  energetic  action,  but  action  absolutely 
opposite  in  character  to  that  of  the  concentrated  acifl.  The  dilute  acicl, 
if  allowed  to  evaporate  in  contact  with  })aper,  tire.,  acts  in  a  similar 
manner  to  the  strong  acid,  as  the  water  dries  t)ff.  Hulphuric  acid  forms 
a  normal  and  an  acid  series  of  salts,  of  which  Na^SO^,  sodium  sulphate, 
and  NallSOj,  acid  sodium  sulphate,  are,  respectively,  examples.  IMost 
of  the  .sulphates  are  more  or  less  soluble  in  water;  calcium  sulphate  is 
only  slightly  so  ;  barium  sulphate  is  insoluble  in  water  and  dilute  acids. 
8ul]>huric  acid  and  the  sulphates  may  be  detected  in  solution  by  the 
.addition  of  hydrochloric  .acid  and  barium  chloride,  when  they  produce 
a  white  precipitate  of  BaSO^. 

75.  Bromine,  Br.j;  Iodine,  L;  and  Fluorine,  F.. — The.se 

three  elements  are  very  closely  allied  in  jtroperties  to  chlorine  ;  they 
have  no  very  intimate  connection  with  the  chemistry  of  wheat  and  tloui’. 
Bromine  is  a  litpiid  ;  iodine,  at  ordinary  temperaturt's,  is  a  solid  bod}'. 
Iodine  is  slightly  soluble  in  water,  readily  soluble  in  alcohol  or  a  solu- 
tioTi  of  potassium  iodichu  KT.  Iodine,  or  its  solution,  produc(*s  a  char¬ 
acteristic  blue  colour  with  starch  :  this  n'action  is  of  great  delicacy,  and 
is  an  exceedingly  valuable  test  both  for  starch  .and  iodim*.  Fluoi-ine 
forms  an  acid  with  hydrogen,  hydrolluoric  acid,  I  IF,  which  is  chai'.ac- 
terised  by  its  power  of  attacking  and  dissolving  glass,  and  the  silicates 
generally. 

76.  Silicon,  Si;  Silica,  SiO.^;  and  the  Silicates.-  Silicon  is 

.an  element  somewhat  re.sembling  carbon  in  some  of  its  ]U’o}>erties  ;  all 
that  at  present  need  be  st<at(‘d  about  it  is  that  it  forms  with  oxygen  an 
oxide,  ISitb,  analogous  in  composition  to  th;it  of  carbon,  ('( L  This 
oxide,  SiOj,  is  termed  silica,  or  at  times,  silicic  anhydride.  I'dint  and 
(|uart/.  are  almost  chemically  ])Ui-(‘  foians  of  silica;  in  this  form  silica  is 
insoluble  in  w.atei-  anrl  all  acids,  and  mixtures  of  acids,  except  hydro¬ 
fluoric  acid.  ( )n  being  fused  with  an  alkali,  as  KIB),  or  an  .alkaline 
carbonate,  silicai  produces  a  glassy  substance*,  (‘iitirely  solulile  in 

watei- :  this  body  is  potassium  silicate,  K^SiO,,  and  from  it,  silicic  acid. 
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1148104,  may  lie  D])taiiie(l.  Silicif  acid  i«  solubU^  in  wat(*r,  and  is  taste¬ 
less  and  odourless  ;  on  being  gently  evaj)orated  it  lirst  t'ornis  a  jelly, 
and  then,  as  the  whole  of  the  water  is  driven  oil",  the  silica  remains  as  a 
white  powder,  once  more  insoluble  in  water  and  acids.  ^Vs  silica  pro¬ 
duces  a  compound  with  water  which,  by  action  on  bases,  forms  salts, 
silica  is  rightly  viewed  as  an  anhydride.  The  silicates  are  the  piincipal 
constituents  of  the  gi'eat  rock  masses  of  the  earth  and  of  .soil.  The 
natural  silicates  usually  contain  two  or  more  of  tlie  following  liases — 
iron  oxides,  alumina,  lime,  magnesia,  potash,  and  soda.  With  the  ex¬ 
ception  of  tho.se  of  potash  and  .soda,  the  silicates  are  mostly  insoluble. 

77.  Phosphorus,  P4 ;  Phosphoric  Acid,  H;,P04 ;  and  the 

Phosphates. — In  propertif's,  jihosphorus  is  one  of  the  most  striking 
of  the  elenumts  ;  its  attraction  for  oxygen  is  so  great  that  it  has  to  be 
kept  under  water  in  order  to  prevent  its  oxidation.  Phosphorus  occurs 
ordinarily  as  sticks  of  the  colour  and  consistency  of  wax;  apiece  of 
pho.sph()rus  appears  luminous  in  the  dark  when  exj)os(‘d  to  air ;  this  is 
cau.sed  by  its  slow  combustion.  A  slight  elevation  of  temiierature,  or 
ev(*n  friction,  suthces  to  cause  phosiihorus  to  burn  vigorously  ;  it  then 
produces  a  vivid  light,  and  forims,  by  union  with  oxygen,  phosjihorus 
pentoxide,  P.jOj,  or,  as  it  is  sometimes  termed,  phosphoric  anin’dride. 
Phosphoric  aidiydi'ide  is  a  wdiite  powder,  which  combines  witli  water 
with  great  avidity  to  form  phosphoric  acid,  H.,P04.  Phosphoric  acid  is 
jirincipally  of  interest  because  of  its  .salts,  known  as  phosphates  :  of 
these  the  most  important  are  calcium  phosphate,  Ca..( PO^)., ;  and  potas- 
.sium  phosphate,  K^POj.  Calcium  jihosphate  is  tlie  pi'incipal  constituent 
of  the,  mineral  matter  of  bones,  and  hence  in  some  form  or  other  is  an 
absolutely  essential  article  of  food.  Phosphates  occur  in  some  parts  of 
all  plants,  and  is  dei'ived  by  them  from  the  .soil.  In  wheat,  the  ]>hos- 
phoric  acid  is  mostly  combined  with  potassium.  The  alkaline  phos- 
j)hates  are  soluble  in  watei' ;  the  others  are  in.solubh',  but  may  be  readily 
dis.solv(‘(l  by  the  addition  of  nitric  or  hydi\)chloric  acid. 

78.  The  Metals  and  their  Compounds. — Within  the  limits 

of  this  work  it  would  be  impossible  to  givi^  (‘ven  the  bi'iefest  systematic 
de.scription  of  tluese  bodies.  An  account  follows  of  calcium  and  potas¬ 
sium,  but  .such  othei’  metallic  compounds  as  have  any  bearing  on  t)ur 
subjc'ct  will  be  described  when  reference  to  them  is  madtx 

79.  Calcium,  Ca,  and  its  Compounds.  Calcium  is  .scarcely 
known  in  th(‘  free  state,  as  it  has  such  an  attraction  for  oxygtm  as  to 
almost  immediat(‘ly,  on  exjiosure  to  the  aii-,  form  calcium  oxidt*.  Hut 
one  oxid(‘  of  calcium  is  known  that  has  any  practical  importance  ;  this 
body.  Cat),  is  that  commonly  spoken  of  as  ‘Siuicklime.'’  Tlie  salts  of 
calcium  are  also  commonly  referred  to  as  salts  of  linu‘  ;  this  is  not 
strictly  corri'ct,  but  in  most  cases  makes  no  real  ditlerimce.  To  this  there 
is  one  exception.  Chloride'  of  calcium,  or  calcium  chloride,  is  CaClg ; 
chloi'ide  of  lime  is  a  x’crv  diflerent  body,  CaOClj.  Calcium  oxiih'  is  a 
whitish  gi'('y  substance,  usuallv  obtained  by  tlu'  ae'tion  of  lii-at  on  the 
carbonate  ;  it  is  infusibh'  at  the  higlu'st  ti'inpi'raturi'S  at  our  e'ommand. 
(-'alcium  oxide  combines  ri'adily  with  wate'r,  with  tlu'  evolution  of  consi- 
dm'able  heat,  forming  slaked  linu',  or  calcium  hydrate',  Calljt^j-  Calcium 
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hydnite  occurs  us  a  dry,  Nvliitc  powder,  wliicli  is  solul)!e  in  \vatc>r  to 
tlic  extent  ot‘  one  part  in  GOO.  This  solution  is  tliat  known  as  “liine- 
watei',"  and  is  (unployt'd  as  a  test  for  carbon  dioxide.  'J’lie  solution  of  lime 
has  a  decidedly  alkaline  reaction,  turning  reddened  litmus  blue.  Calcium 
produces  an  e.xtensive  series  of  .salts  ;  of  these  calcium  carbonate  has 
been  already  rt'ferred  to  when  describing  carbon  dioxide.  The  ne.xt 
most  important  salt  is  calcium  sulphate^ ;  this  body  is  only  slightly 
soluble,  one  ]>art  hiung  dissolved  by  about  400  parts  of  water.  The 
phosphate  and  chloride  have  already  been  referred  to  ;  the  latter  has  a 
great  alHnity  for  wat(‘r,  and  con.s('quently  is  often  used  as  a  drying 
agent ;  it  often  can  be  used  where  sulphuric  acid  would  be  unsuitable 
from  its  other  properties. 

80.  Potassium,  K,  and  its  Compounds.  -  Potassium  is  a  soft 
bluish  white  metal,  which  has  so  great  can  attraction  for  oxygen  that  it 
has  to  be  kept  from  contact  with  the  air,  and  even  li(juids,  as  water, 
which  contain  oxygen  as  one  of  tlieir  compounds  ;  for  this  purpose  the 
potassium  is  generally  preserved  in  mineral  naphtha,  a  compound  of 
carbon  and  hydrogen  The  normal  oxide  of  potassium  is  KjO  ;  this 
body  has  such  athnity  for  water  that  it  practically  never  occurs  in  the 
anhydrous  state,  but  usually  as  the  hydrate,  KHO.  Potassium  hydrate 
is  a  white  crystalline  solifl  substance  ;  it  melts  at  a  red  heat,  and  is 
su])plied  commercially  either  in  sticks,  or  in  lumps  produced  by  bi'eaking 
up  fused  slabs  of  the  compound.  Potassium  liydrate  is  a  powerfully 
caustic  body,  and  ra])idly  destroys  animal  tissue.s.  It  is  one  of  the  most 
powerful  alkalif's  known,  restoring  the  colour  to  reddened  litmus,  and 
forming  salts  with  acids.  Potassium  hydrate  deconi])oses  ammonium 
salts  with  the  liberation  of  ammonia  ;  sodium  hydi-ate  and  lime  behave 
.similarly  in  this  respect.  Potassium  hydrate  is  very  soluble,  in  water  ; 
the  .solution  has  a  peculiar  soa}))'  feel  to  the  Gngers.  Potassium  hydrate 
has  a  great  attraction  for  carbon  dioxide  ;  its  solution  absorbs  that  gas 
with  great  rapidity,  forming  potassium  carbonate,  KjCOj.  Potassium 
carbonate  is  a  white  deliiiuescent  body  (/.^ ,  oiu'  that  readily  liecomes 
moist  through  the  al).sorj)tion  of  water).  Like  other  deliquescent  bodie.s, 
potassium  carbonate  is  very  soluble  in  water;  the  solution  is  strongly 
alkaline  to  litmus,  although  the  salt  is  of  noimial  constitution.  In  fact, 
the  very  strong  liases  produce  with  certain  weak  acids  normal  salts,  in 
which  the  alkaline  compound  may  be  said  to  jiredominate.  Potassium 
carbonate  was  at  one  time  almost  exclusively  obtained  from  wood  ashes. 
An  acid  potassium  caibonate,  KMCtb,  also  occurs;  this  liody  is  neutral 
to  litmus,  and  is  h'.ss  .soluble  in  water  ;  it  is  at  a  tenqiei-ature  of  80“  C. 
decomposed  into  the  normal  carbonate  and  free  acid. 

81.  Sodium  Compounds. — Sodium  forms  a  sinL's  of  compounds 
which  closely  resemble  those  of  potassium;  of  tlu'se  tlu!  most  familiar 
are  sodium  hydrate,  NaJIO;  sodium  carbonate,  NajCO.,;  acid  sodium 
carbonate,  NaJlCOj;  and  sodium  chloridt*,  NaCl.  Sodium  hyilrate  is 

somewhat  less  powerful  Ixise  than  potassium  hydrate. 
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C  IT  AFTER  IIL 

DESCRIPTION  OF  OROANIC  COMPOUNDS. 

82.  “Organic”  Chemical  Compounds.— Cliemical  science  is 
coiunionly  divided  into  two  liraiiclies,  Icnown  respectively  as  “  Iiior<(anic” 
and  “Orifanic”  chemistry.  Certain  sulistances,  whether  they  occur  in 
nature,  or  ai'e  jaepared  in  the  laboratory,  are  obtained  from  mineral 
sources  :  the  bodies  descrilied  in  the  preceding  chajiter  are  instances  of 
such  compounds.  There  ai’e,  on  the  other  hand,  l)odies  which  are 
obtained  either  from  the  animal  or  vegetable  kingdom.  Animals  and 
vegetables  are  organi.sed  bodies,  that  i.s,  they  have  definite  organs  which 
adapt  them  foi-  that  series  of  processes  which  constitutes  what  is  called 
“  life  hence  chemical  compounds  having  a  vegetable  or  animal  origin 
are  termed  “organic.”  Tho.se  which  are  not  thus  obtained  from  organic 
sources  are  tei’ined  “  inorgainc  ”  compounds  :  the  two  names  have  also 
been  given  to  the  branches  of  chemistry  which  treat  respectively  of 
these  two  classes  of  bodies,  and  of  their  properties  and  reactions.  It 
was  foi'inerly  supposed  tliat  the  .so-called  oi’ganic  bodies  could  only  be 
obtained  fi'om  orgainc  sources;  but  com])aratively  i-ecent  chemical  in¬ 
vestigation  has  demonstrated  that  many  such  compounds  tan  be 
produced  by  artificial  means  from  the  elements  of  which  they  are 
composed,  witliout  the  intervention  of  living  organisms,  and  ('ven  under 
such  conditions  as  rendei-  the  existence  of  li\'ing  organisms  an  impossi¬ 
bility.  Alcohol  and  its  deiTvations  are  e.xam])les.  The  definition  of  an 
oi'ganic  body  as  om*  produced  as  a  r(*sult  of  “life”  is  evidently  no  longer 
tmiable,  and  chemi.sts  have  (mdeavoured,  with  more  or  less  success,  to 
frame  new  (hdinitions  of  organic  chemistry.  As  all  organic  com¬ 
pounds  contain  carbon,  it  has  been  propos(‘d  to  define  it  as  tlu' 
“chmnisfry  of  the  carbon  compounds;”  again,  as  many  oi’ganic  liodies 
are  well  defined  compound  radic’ds,  the  jihrase,  “chemistry  of  the 
conniound  radicals  ”  has  been  jiroposed.  'riu'se  definitions  have  not 
been  found  mitirely  satisfactory,  as  tlnw  are  eitlu'r  too  wide  or  too 
narrow.  I ’or  our  present  purpose.  Organic  Chemistry  may  be 
viewed,  with  sufficient  accuracy,  as  that  branch  of  the  science 
which  treats  of  the  comioosition  and  properties  of  those  com¬ 
pounds  whoso  usual  source  is  either  animal  or  vegetable. 

83.  Organised  Structures. — Although  organic  compounds  can 
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1)0  propaivd  by  artificial  means,  it  must  be  cleai’ly  undei'stood  that  no 
chemical  processes  have  as  yet  been  found  capable  of  producing' 
an  organised  structure;  further,  all  (‘vidence  hitlieito  <)l)taiued,  so 
far  as  it  goes,  tends  to  prove  tlii'  impossibility  of  sucli  structures  beiiig 
formed  otlu'r  than  througli  living  agencies.  For  instance,  stai'ch  is  found, 
when  viewed  under  the  microscope',  to  have  a  structui'al  organisation 
peculiar  to  itself.  Starcli  may  be  dissolved,  and  afte'r  sucli  solution 
again  obtained  in  the  solid  state  ;  but  tlie  solid  thus  produced  shows  no 
traces  of  tlu*  original  structure  of  the  grains  of  starch  ;  neither  is  there' 
known  any  artificial  preicess  by  which  the  starch  may  again  be'  built  up 
inte)  structures  of  the  same  kinel  as  tlmse  in  v'hich  it  eiriginally  ejccurred. 
Similarh',  it  is  impossible  to  artiliciall}’  jiroeluce  a  bleieiel  corjaiscle.  The 
•same  law  ajiplies  to  minute  eirganisms  as  yeast,  bucteria,  ctre-.  ;  none  of 
these  can  be  generateel  otherwise  than  through  the  agenc}'  eif  previously 
e.xisting  living  be'ings  of  the  same  type.  So  far  as  any  problem  can  be 
proveel  scientifically,  this  fact  of  the  impossibility  of  spontaneous 
generation  is  abundantly  demonstrated  ;  experimental  evidence  of 
a  most  conclusive  character  has  shown  as  certainly  as  scientific  research 
can,  in  any  case,  possibly  .show,  that  living  organisms  can  only  be  formed 
by  means  of  similar  pre-existing  oi'ganisms.  ]\Ian  may  make'  a  steam 
engine  or  a  watch,  but  a  yeast  cell  is  beyond  his  jiower. 

84.  Composition  of  Organic  Bodies. — Organic  comiiounds, 

generally,  have  a  much  more  complicated  chemical  composition  than 
have  inorganic  comjiounds  ;  they  are  mostly,  however,  n'stricted  to 
comparatively  few  elements.  All  organic  bodies  contain  carbon  ;  many 
are  composed  of  carbon  and  hydrogen  only,  a  greater  number  consist  of 
carbon,  hydrogen,  and  oxygen  ;  while  others  contain  the  four  elements, 
cai'bon,  hydrogen,  o.xygen,  and  nitrogen.  The  majority  of  organic  com- 
pfiunds  belong  to  one  or  other  of  these  series.  Carbon,  more  than  an}' 
other  element,  is  ri'inarkalile  for  the  projierty  of,  in  compounds,  com¬ 
bining  directly  with  itself,  and  so  forming  most  complicatc'd  bodies  out 
of  comparatively  few  elements. 

85.  Classification  of  Organic  Compounds.  —Tlu'  number 

of  these  is  so  bewildering  that,  without  some  classification,  it  would  1k' 
impossible  to  grasp  theii'  relationship  to  I'ach  otlu'r  :  recent  chemical 
science  has  succec'ded  in  very  clearly  demonstrating  the  .constitution  of 
a  vast  number  of  these  bodies.  There  ari',  in  the  first  place,  large 
numbers  of  wi'll  di'lined  compound  radicals,  consisting  of  carbon  and 
hydrogen  :  it  has  been  found  possible  to  group  these  into  distinct  fami¬ 
lies,  th(*  members  of  each  of  which  may  b('  represented  by  a  common 
formula. 

86.  Organic  Radicals. — The  most  imiiortant  seric'S  of  tlu'Si'  is 
that  known  as  the  “  IMethyl,”  or  “  hlthyl  ”  sc'ries  ;  these  ha\'e  the  com¬ 
mon  formula  (t’,J  1.^,,.^,),^.  'I'liis  formula  signifies  that  in  the  tii'st  jilaci* 
the  molecule  consists  of  two  si'ini-molecules  that  ari^  similar  in  comjiosi- 
tion  ,  secondly,  that  in  each  semi-molecule  the  numlx'r  of  atoms  of 
hydrogi'ii  is  oiu'  more  than  double  tlu'  number  of  atoms  of  carixm.  J  hc' 
following  is  a  list  of  a  few  of  the  radicals  of  this  series  : 
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IMethyl 

.  -Me^  .. 

■  ] 

f  C4I., 
t  CJ4., 

Ethyl  .. 

.  Et,  .. 

/  C,dl, 

•  1  cyi,’ 

l^rop}-! 

.  Pr.,  .. 

■  ] 

f  0.1  Iv 

1  0,44/ 

Butyl 

Bu.j 

\  C.H, 

■  1  0,14, 

Amyl 

•  •  • 

f  C,H„ 
•  1  C,}4„ 

Caproyl  .. 

.  Cp,,  .. 

J  CJlu 

•  1 

icjiJ.; 


(  CMoH, 

\  C.MeH, 


or 


CEtir, 

CEtH., 


EiiL-li  seini-inolecule  of  these  radicals  beliaves  in  compounds'as  tliongli 
it  were  an  atom  of  a  monad  element ;  the  atomicity  is  shown  l)y  the 
following  gi-a})hic  formuhe — 


H 


H-C- 


ir 


H— C 


H 

I 

-C- 


series  already  refm  red  to  have  tlie  general  formula, 
them  thei't*  is,  as  the  lowest,  methyl  hydride  (marsh  gas), 
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ilctliyl.  Ethyl. 

From  these  formula'  it  is  seen  that  in  each  case  there  is  one  of  the 
carbon  bonds  free;  in  the  free  state  two  semi-molecules  unite  by  these 
bonds  to  form  the  molecule.  The  graphic  formula'  also  show  how  each 
of  the  higher  radicals  of  the  series  may  be  viewed  as  compounds  of  the 
next  lower  radical  with  an  additional  CH.„  The  temperature  of  the 
boiling  points  of  these  bodies  increases  as  the  series  is  ascended. 

87.  Hydrides  of  Organic  Kadicals  (Paraffin  Group). — 

Thesis  bodies  are  comjiounds  of  the  radicals  with  hydrogen;  those  of  the 

Among 
Cll.H  or 

Clf^;  from  this  the  series  ascends  rc'gularly  to  'I'hese  com¬ 

pounds  are  distinguished  by  their  not  being  readily  attackt'd  by  the 
most  j)ow(‘rfid  oxidising  agi'iits,  they  conse([U('ntly  havi'  received  the 
name  of  “jiarallins”  (from  the  Latin,  panofi  ajjhiis,  ha\ing  little 
atlinity).  The'  lowi'r  members  of  the  series  are  gases,  the  middle  are 
liquids,  and  the  higher  membi'is  an*  .solid  at.  ordinary  temperatures. 
Th('  paratlins  an'  produced  by  the  di'structive  distillation  of  wood,  coal, 
and  many  other  oi'ganic  sub.stances,  and  also  occur  in  rock-oils.  Some 
varieties  of  American  jietroh'um  consist  almost  ('iitii-elv  of  paratlins. 
In  distilling  tlu*  ci'ude  petroh'um,  it.  is  found  that  tlu'  t('mj)eratui'e  of 
the  vapour  produced  rises  as  th(^  o])C'ration  progrt'sses.  'ria*  moi'e  volatile 
])oi'tions  distil  oil'  first;  tlu^  distillat('  may  bi'  colh'ctc'd  in  s('paratt'  por¬ 
tions  or  fractions;  the.  operation  is  then  ternu'd  “  fractional  distillation.” 
'rh(‘  lightei'  or  more  volatile  ])arallins  constitute  \\hat  is  known  as  light 
p(,'tt'oleum  sjiirit;  this  substanca',  w  Ik'ii  carefully  fr('('d  from  solid  im- 
)(urities,  is  of  great  us(',  as  a  solvent  for  fatty  sid)staiu'es,  both  in  tlu' 
.iii'ts  and  chemic.'al  analysis.  (!ood  light  jx'troleum  spirit  should  distil 
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cntiivly  iit  ii  t(‘m}i(‘riitur('  of  70°  C.  Such  spirit  is  u  mixture'  of  sen-pivil 
of  the'  lowc'i-  jearatiins.  The'  petroh'uiu  of  c'oiuuu'rcc'  consists  of  a  somc- 
what  liiylu't  fraction,  and  mineral  luhricatini;  orc'ases  and  “  vase'linc  ”  of 
a  vet  h'ss  volatile  portion.  The  least  volatile  poi'tion  of  all  const ituti's, 
will'll  pure,  the  hard  white  solid  suhstance  known  as  “solid  paratlin,”  or 
paralHu  “  wax.” 

88.  The  Alcohols  These  hodii's  are  hydrati's  of  the  organic 
radicals  ;  they  possess  basic  properties,  and  c'liter  into  comhination  with 
acids  to  form  organic  salts.  Thus  ethyl  alcohol,  heing  C^lIjllO,  is 
converti'd  hy  the  action  of  hydrochloric  acid  into  CTH,(J1,  ethyl  chloride. 
This  reaction  is  analagoiis  to  that  hv  which  sodium  hvdrate  is  converted 
into  .sodium  chloride.  Of  the  various  alcohols,  th.ose  of  the  methyl 
.series  ari'  the  most  imjiortant,  and  are  repre.sented  hy  the  formula. 

Subjoined  are  a  few  examples  of  these  compounds: — 

Butyl  Alcohol, 

Amyl  „  CJd^TlO. 
Melissic  ,, 

The  lower  members  of  the  series  are  liejuid,  and  the  higher  solid. 

89.  Methyl  Alcohol.  CH  jHO.-  This  bodjy  in  an  impure  form,  is 
yielded  on  the  destructive  distillation  of  wood,  and  hence  is  commonly 
known  as  “wood  spirit,”  or  “wood  naphtha.”  This  crude  prejiaration 
has  a  nauseous  flavour,  which  renders  it  unfit  for  drinking;  the  pure 
methyl  alcohol  has,  on  the  contrary,  a  purely  sjiirituous  taste  and  odour. 
IMethyl  alcohol  mixes  in  all  proportions  with  water,  ethyl  alcohol,  and 
ether;  it  has  at  15°  C.  a  specific  gravity  of  U'dUlll. 

90.  Ethyl  Alcohol,  |  Q^;|ao,  or  03.30.  This  body  con¬ 
stitutes  the  active  ingi'edient  of  beer,  wine,  and  of  all  spii'ituous  liijuors, 
as  brandy,  whiskjy  tire.  The  term  “  alcohol,”  when  used  without  any 
jirefix,  is  always  understood  to  I'efer  to  this  compound,  which  is  known 
popularly  as  “spirits  of  wine.”  Alcohol  may  be  produced  artificially 
from  its  elements  by  purely  chemical  means,  but  is  always  manufactured 
by  the  process  of  fermentation,  of  which  a  detaili'd  account  is  hereafter 
given.  Pure  ethyl  alcohol  is  a  colourless,  mobile  liipiid,  having  an 
agreeable  spirituous  odour,  and  a  burning  tasti'.  Alcohol  is  inflam¬ 
mable,  and  burns  with  a  scarcely  luminous  smokeless  flame,  evolving 
considerable  heat;  it  is  on  this  account  largely  u-sed  in  “spirit”  lamps 
as  a  fuel.  Alcohol  rapidly  evaporates  at  ordinai’y  ti'inperatures,  and 
when  piu'i',  boils  at  TST”  C.  (=  17-1T°  F.)  At  a  temjx'rature  of  15-5° 
C.,  alcohol  has  a  spi'cific  gravity  of  0'7‘J.'?50  ;  that  of  wati'i',  at  the 
same  tempi'ratui'e,  being  taken  as  unity.  Alcohol  mixes  with  water, 
and  also  ether,  in  all  piopoi’tions  :  for  the  former  compound  it  has  a 
great  aflinity,  and  evolves  considi'rable  heat  on  tlii'  two  being  mixed  ; 
the  volume  of  the  mixture  is  li'ss  than  that  of  tlie  two  lii|uids  taken 
.sejiaralely.  As  previously  mentioni'd,  alcohol  is  manufactured  by  fi'r- 
mentation  ;  this  jirocess  is  only  capable  of  producing  a  comparatively 
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.Methyl  Alcohol,  ClIAfO.  or  ^ 

Ethyl  ,, 

Propyl  ,, 


C.Il.HO.  0,-  I 
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<liluti‘  SDlutioii  of  ilk-ohol  in  water.  In  order  to  ol)tain  a  sti-on,!i;er  spii-it, 
tlu'  fermented  licjuid  is  distill(‘d  ;  as  alcohol  hoils  at  a  lower  teinjierature 
than  wati‘1’,  the  earlier  jioidions  of  tla;  distillate  are  the  sti-on^er  in 
sj)irit,  until  tinally  no  alcohol  remains  in  tin*  licjuid  lieiny  distilled.  It 
is  not  po.ssitde  to  obtain  in  this  manner  alcohol  fr(!(‘  from  water,  as  (‘vam 
the  very  first  portions  of  siurit  which  distil  over  cany  water  with  them, 
lly  several  times  distilling  the  spirit  it  is  possil)le  to  obtain  a  mi.xture 
containing  about  90  i)(‘r  cent,  of  the  pure  spiiat :  special  distilling 
arrangements  have  resulted  in  the  production  of  a  distillate  containing 
as  much  as  95  per  cent,  of  alcohol.  In  order  to  nunove  this  small 
4[uantity  of  water,  the  spirit  is  treated  with  (piicklime  or  potassium 
carbonate,  and  then  allowed  to  stand,  and  after  a  time  distilled  :  in  this 
manner  alcohol  can  be  olitained  in  which  tluu'e  is  only  the  most  minute 
trac(‘ of  watc'r.  This  desiccated  alcohol  is  tenmnl  “alsolute”  alcohol. 
Alcohol  is  of  veiy  great  use  as  a  .solvent,  particularly  for  many  organic 
bodies;  it  also  acts  as  an  antiseptic,  and  hence  is  employed  foi-  the  pre¬ 
servation  of  biological  and  other  specimens.  The  solvent  power  of 
alcohol  is  moditied  considerably  by  its  admixture  with  more  or  less 
water  :  for  many  purposes  alcohol  of  a  certain  definite  strength  is  neces- 
.sary.  As  water  and  alcohol  have  diti'erent  densities,  and  as  density  is 
easily  measured,  it  is  a  usual  method  of  testing  the  strength  of  alcohol 
to  take  its  specilic  gravity.  Tal)les  have  been  prepared  giving  the 
stnmgth  in  })ercentages  of  alcohol  present  for  different  densities.  Three 
<listinct  standards  of  strength  of  alcoholic  spirit  are  commercially  recog¬ 
nised.  The  “  llectitied  Spirit  of  Wine  ’’ of  the  Jlritish  Pharmacopceia 
is  the  strongest  spirit  that  can  Ije  pi-oduced  by  the  ordinary  methods 
of  distillation  ;  such  spirit  should  contain  S4  per  cent,  by  weight  of 
abs(dute  alcohol,  and  should  have  a  density  of  O-SGS.  “  Pi'oof  Spirit  ”  is  a 
term  that  has  survived  its  original  a[)plication  :  it  is  now  legally  defined 
as  .spirit  of  such  a  strength,  that  13  volumes  of  it  shall  weigh  at  51°  F. 
the  same  as  13  volumes  of  water  at  the  same  tem])erature.  Proof  spirit 
has  at  15-5"  C.  a  density  of  U’919S4,  and  contains  -t9'3I  per  cent,  by 
weight  of  alcohol  and  5(J-7G  of  water.  Weaker  spirits  are  detined  as 
being  so  manv  degrees  “  uiuhu’  ju’oof”  (IbP.),  while  stronger  spirits  are 
ivfei'i'ed  to  as  l)eing  so  many  degrees  “  ov(‘r  proof”  ((J.P.).  .V  spirit  of 
10  d(‘gr(‘ss  U.P.  is  such  that  it  contains  90  |)er  c<mt.  of  j)roof  sjiirit  and 
10  Jier  c(‘nt.  of  water;  sj)irit  of  10  degi-ees  t).P.  is  of  such  a  strength 
that  it  may  be  uiade-  up  to  110  volimu's  ))y  the  addition  of  water,  and 
would  then  have  tlu;  same  ptu'centage  of  alcohol  as  proof  spirit.  Abso¬ 
lute  alcohol  is  that,  as  befor(^  stated,  which  contains  no  water.  For 
chemical  puri)os(^s  it  is  usual  to  specify  the  stnmgth  of  alcohol,  either  as 
so  much  per  cent,  spiidt,  or  by  its  density.  When  for  any  purpose  it  is 
directed  that  alcohol  of  a  cei'tain  sti'cngth  must  be  emphyt'd,  particulars 
will  Ije  given  as  to  its  density  ;  for  complet(>  tabh's  of  densities  and 
corresponding  strengths,  tlu'  larger  treatises  on  chemistry  must  Ik* 
consulted. 

91.  Detection  of  Alcohol. — Alcohol  when  present  in  any  (puin- 
tity  is  easily  recognised  by  its  smell  ;  in  liipiids  which  contain  traces 
only,  it  is  best  to  distil  and  then  examine  the  first  ])ortions  of  tlu* 
distillate.  When  using  a  biebig’s  condenser,  it  will  I)e  seen,  at  the 
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])oiDt  M'liore  tlio  ^■apour  l)e_^ins  to  coiulonsp,  tlial  when  alooliol  is  jUH'sout, 
tlie  distillate;  trickles  down  the  siilt's  of  the  tube  in  pi;culiar  oil y  looking 
drops  or  “tears.”  This  ap])(;arance  ceases  as  soon  as  the*  whole*  of  the 
idcohol  has  distilleel  otV.  Very  minute*  ejuantities  of  alcohol  sullice  te) 
proeluce  this  eti'ect.  Another  anel  more  delicate*  method  for  its  detec¬ 
tion  depends  on  the  preeeluction  of  ioeloform.  This  beeely  has  the  synd)ol 
4TII5,  anel  is  .similar  in  constitution  to  chleeroform,  CJICI.,.  The*  lie]uiel 
uneler  examination  should  tiist  be  elistilleel,  iind  the;  te*sts  ;ip])li(*el  tee  the* 
tirst  })e)rtie)n  of  the  elistillate.  Ten  c.c.  are  to  lee  take*n  and  rendere*d 
alkedine  by  the  aelelitieen  of  about  a  eiuarter  of  a  c.c.  (live  or  si.x  elreeps) 
of  a  10  per  cent.  se)lution  of  sodium  hyelriite  ;  the  liejuid  must  next  be; 
warme*d  to  abeeut  bO"  C.,  anel  then  a  solutieen  eef  potassium  ioelide*,  satu- 
rateel  with  ieeeline,  aelded  elreep  by  elroj)  until  a  slight  excess  of  free  ioeline 
is  present ;  this  is  indicated  by  the  liejuid  acejuiring  a  ])e*rmanent  sherry 
yellow  tint.  The  liejuid  must  next  be  just  decolourised  by  the  addition 
of  a  minute  ejuantity  eef  the  seKlium  h3ulrate  solution.  If  there  be  an\’ 
alcolieel  jiresent,  ei  yellow  crj’stalline  pi-ecijeitate  of  ieedeeform  gradualh* 
forms.  Certain  other  organic  comj)Ounels,  however,  are  capable  of 
jeroducing  the  same  reaction. 

92.  Methylated  Spirits  of  Wine  . — Alcoholic  liejuoi's  are  sub¬ 
ject  to  a  high  duty;  ceenseejuently,  for  jmrjeoses  other  than  the  jjroduction 
of  drinkable  s})irits,  the  Excise  authorities  permit  the  sale,  duty  free,  of 
a  mi.xture  of  nine  volumes  of  rectitied  sjjirit  with  one  voluim*  of  com¬ 
mercial  w(jod  sj)irit.  This  mi.xture  is  known  as  “  metlydated  sjiii'its  of 
wine  ;  ”  the  imj.)urities  of  the  wood  spirit  impart  a  flavour  which  renders 
the  whole  absolute^'  undrinkable,  excejit  to  the  j)alates  of  the  most 
<lebased  di})Somaniacs.  For  most  laboratory  oj)erations,  m(*thylated 
sjiirits  can  be  used  as  a  substitute  for  rectiti(;d  sj)irits  of  wine  :  for 
<ielicate  })urj)Oses  it  is  well  to  re-distil  the  sjiirits  jirior  to  use.  Methy¬ 
lated  sjiirits  ma}' be  rendered  almost  ab.solute  liy  adding  aliout  one-third 
of  its  weight  of  recenth'  burned  (juicklimo,  and  thoroughly  shaking:  the 
mixture  must  be  allow(*d  to  stand  some  three  or  four  daj’s,  and  the 
shaking  rejieated  two  or  three  times  daihx  The  sjiirit  must  then  bt* 
distilled,  jirecautions  being  taken  to  jirevent  tin;  temji(*ratur(*  unduly 
rising.  The  still  should  be  lix(*d  in  a  watt*r  bath,  consisting  nf  an  iron 
saucejian  containing  brine.  The  clear  jiortions  of  the  sjiirits  should  tirst 
be  jioured  into  the  still,  without  disturbing  the  .sedim(*nt,  and  distilled 
to  dryness  ly*  ajijilication  of  ht*at  to  the  water  bath.  Can*  must  be 
taken  that  the  bath  do(*s  mjt  boil  dry.  The  J)asty  mass  of  lime  may 
next  be  jilaced  in  the  still,  jireferalily  in  small  (juantit,i(*s  at  a  time,  and 
h(*at(*d  by  tin;  bath  so  hmg  as  any  alcohol  distils  over.  An  (*tlicient 
condensing  worm  must  be  used,  ami  tin;  tube  connecting  it  w’ith  the  still 
ought  to  be  a  long  one.  At  the  close  of  the  oj)(*ration  the  lime  may  lx* 
removed  from  the  ves.sel  used  as  a  still  ly^  soaking  with  watei*. 

93.  Propyl,  Butyl,  and  Amyl  Alcohols.  -  The.s(;  bodi(*s  are 
jinxJuced  in  small  (juantities  during  fermentation.  d’h(*y  all  boil  at  a. 
higher  tempei-atun;  than  ethyl  alcohol,  and  aix;  found  in  the*  r(*sidual 
liijuor  after  most  of  the  sjiirit  has  been  distilled  over.  Projiyl  alcohol 
occurs  in  the  residues  of  the  distillation  of  the  ferment(*d  liijuor  of  tin* 
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inarc  of  grapes  in  tlie  }H’0(luetioii  of  low-class  lirandy.  Normal  Imtyl 
alcohol  occurs  in  gemiiue  cognac,  from  wliicli  it  may  he  obtained  hv 
fractional  distillation  :  it  has  a  boiling  point  of  llti  S'"  C.,  and  posses.ses 
an  agreeable  odour.  Hut  sjiirits  from  potatoes,  bei't  root,  maize,  and 
certain  other  substances  contain  isobutyl  alcohol,  an  isomei’ide  of  tlu‘ 
normal  alcohol.  Isobutyl  alcohol  has  a  disagreeable  fu.sel oil  like  odour. 
The  folhnving  formuhe  indicate  their  ditl'erence  in  constitution  :  - 

CIIXTLCIL 
CH.,HO 

Normal  Hutyl  .Alcoliol. 

Ill  additii.m  to  isobutyl  alcohol,  amyl  alcohol  is  also  produced  as  a 
bye-product  during  the  manufacture  of  alcohol  from  potatoes  or  grain. 
Amyl  alcohol  is  an  oily  looking  li((uid,  which  docs  not  mix  with  water, 
but  with  alcohol  and  ether  in  all  proportions;  it  boils  at  C.  Amyl 
alcohol  has  a  strong,  flisagreeable  smell,  and  burning  taste.  Its  intoxi¬ 
cating  eti'ects  are  similar  to  those  of  ethyl  alcohol,  but  a  few  drops  of 
annd  alcohol  suttice  to  produce  all  symptoms  of  intoxication  ;  it  has 
been  estimated  that  amyl  alcohol  is  tifteen  times  as  intoxicating  as  is 
ethyl  alcohol.  iVIore  or  less  of  this  alcohol  is  found  in  newly  made 
spirits,  hence  new  whiskies,  especially  such  as  have  been  manufactured 
in  “small”  stills,  are  exceedingly  deleterious;  by  keeping,  tin*  amyl 
alcohol  is  oxidised  into  harmless  compounds. 

94.  Fusel  or  Fousel  Oil. — This  name  is  applied  to  the  oily 
mi.xture  of  sjiirits  abovci  referred  to  as  being  formed  during  fermentation. 
The  fusel  oil  of  jiotato  and  grain  spirits  jirincijially  consists  of  amyl 
alcohol. 

95.  Glycerin,  03H5(B[O)3.  — In  constitution  this  body  is  an  alcohol. 
When  jiure,  glycerin  is  a  colourless,  odourless,  and  thick  sirujyy  liijuid, 
having  a  sweet  taste,  and  boiling  at  a  temperatui'O  of  llU0°  C.  tllycerin 
is  one  of  the  substances  jiroduced  during  the  normal  fermentation  of 
sugar,  and  also  is  the  basic  constituent  of  fats  and  oils. 

96.  Mannite,  C,iH„(HO)„.  • — This  is  a  substance  jiossessing  a  sweet 
taste  and  found  in  the  saji  of  certain  jilants,  winch  suji  when  dried 
constitutes  wliat  is  known  as  manna.  In  constitution  mannite  is  a 
liexatomic  alcohol,  and  is  of  interest  as  b(>ing  the  comjiound  of  which 
the  carboln’drati's  are  viewed  as  chemical  derivative's. 

97.  The  Ethers. — Tin  ■se  bodies  are  the  oxides  of  the  organic 

(  Co  1 1 

I'adicals ;  the  most  imjiortant  is  ethylic  etlu'r,  eii' ethyl  oxide',  < 

Wlu'ii  the  tei'in  “  ('ther  ”  is  ('lujiloyi'd  without  any  (puilification,  it  is  this 
body  to  which  r('f('r('nc('  is  made'.  From  its  mode'  of  jire'jiaratiem,  ('ther 
is  ofte'ii  l('rm('d  “suljihuric  etlu'r;”  sidjihuric  acid,  of  e-ourse',  elo('s  not 
('liter  into  its  comjiosit ion.  J'itlu'i’  is  a  colourless,  very  mobile  liipiid, 
having  a  jieculiar,  peiu'trating,  and  churacte'i'istic  smell.  'I'lds  snu'll  has 
gi\cn  rise  to  t  lu'  te'rm  “ethi'n'al  odour.”  Ether  has  a  sjiccitic  gravity 


CH 


CH3 

-CH., 


CH.,IIO 

Isiibutyl  .\lcohol. 
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of  O-T.’^G,  it  (loos  not  mix  Nvitli  water  ;  hut,  on  Ihmii^  added,  foiuiis  a 
layer  oil  the  surface.  The  ether  dissolves  a  ei'rtaiu  ([uantity  of  water, 
wliile  till'  water,  on  the  other  hand,  holds  a  iiortion  of  the  ether  in 
solution.  Ether  boils  at  ;H'5°  C.,  and  is  very  volatile  at  ordinary 
temperature.  The  vapour  is  inflammable  ;  and,  as  may  be  gathered 
from  the  formula,  is  very  heavy.  (treat  care  must  be  taken  when 
working  with  ether  to  keep  all  lights  at  a  .safe  distance.  The  high 
density  of  the  vapour  causes  it  to  flow  as  a  dense  layer  along  a  level 
surface  for  a  considerable  distance, ;  in  this  way  there  is  danger  of  tlu' 
vapour  communicating  with  a  light  that  may  be  jilaced  even  at  the 
further  end  of  a  long  table.  The  rule  should  invariably  be  adopted  of 
having  no  more  of  the  liquid  in  the  immediate  neighbourhood,  where 
experiments  are  being  made,  than  is  necessary  Tir  the  purpose  in  hand  ; 
the  store  bottle  should  not  be  kept  in  the  laboratory.  Ether  is  of  great 
use  as  a  solvent  for  fats,  resins,  and  other  organic  bodies. 

98.  Ethereal  Salts.  -These  bodies  are  produced  b}’’  the  displace¬ 
ment  of  the  hydrogen  of  acids  by  organic  radicals  ;  the  acid  may  be 
organic  oi‘  inorganic.  The  comj)ounds  of  such  radicals,  with  chlorine, 
bromine,  and  iodine,  are  at  times  viewed  as  a  sub-class  of  these  bodies, 
and  are  termed  “haloid”  ethers. 


99.  Chloroform,  CHCls. — Id  a  number  of  organic  compounds  it 
is  possible  to  replace  the  atoms  of  certain  elements  present  by  those  of 
others;  in  this  way  what  are  called  “substitution  products”  are  formed. 
Starting  with  metlnd  hydride,  CH^,  the  hydrogen  of  this  body  may  be 
replaced  atom  by  atom  by  chlorine  until  CCI4  is  formed.  The  replace¬ 
ment  of  three  atoms  of  hydrogen  by  chlorine  results  in  the  production 
of  chloroform,  CHCI3.  This  compound  is  at  ordinary  temperatures  a 
heavy  volatile  liquid,  having  a  specific  gravity  of  I'lS.  The  vapour  of 
chloroform  has  a  peculiar  but  pleasant  smell,  and  when  inhaled  })i’oduces 
insensibility  to  pain,  while  in  less  quantities  it  causes  stupt'faction. 
No  danger  need,  however,  be  apprehended  during  any  ordinary  working 
with  this  substance.  Chloroform  l)oils  at  a  temperature  of  00-8°  C. 
Chloroform,  like  ether,  acts  as  a  solveiit  of  many  oi'ganic  bodies  ;  it  is 
not  so]ul)le  in  water,  and  after  being  shaken  up  with  that  liquid  more 
or  less  (juickly  subsides  and  forms  a  layer  at  the  bottom. 

100.  Iodoform,  CHI3.  This  is  a  yellow  solid  body,  analogous  in 
constitution  to  chloroform. 


101.  Organic  Acids.-  -These  bodies  constitute  a  numerous  class 
of  organic  compounds  ;  like  the  radicals,  they  are  ca])able  of  .sul)division 
into  distinct  famili(‘S,  the  members  of  which  exhil)it  considerable  r«‘- 
semblance  to  eacli  (jther.  Hevei’al  of  these  groups  of  acids  are  deriva¬ 
tives  from  ctjrresponding  series  of  alcohols. 


102.  Fatty  Acids,  or  Acids  of  Acetic  Series.— These  acids 

t  C  H,. 

may  be  repre.sented  by  the  general  formula,  |  lowest 

member  of  the  series  is  formic  acid,  {cOliO  oi-  II Cl  10...  The  next  and 
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l)cst  known  is  iicotic  acid  |  HC.Jl30_,.  Acetic  acid  is  the 

derivative  from  etliyl  alcoliol.  It  will  he  of  service  to  })lace  side  hy  side 
for  comparison  the  formuhe  of  ethyl  and  some  of  its  principal  deriva¬ 
tives  : — 


( 

1  aid. 

1 

Ethyl. 

Ethyl  (Jxide  or  Ether. 

C.,H,nO,  or  1 

1 

I  CH., 

^  coir 

CH, 

COHO 

Ethyl  Hydrate  or  Alcohol. 

Acetic  .\UIchyde. 

Acetic  .\cid. 

r.y  oxidising  agents,  two  atoms  of  hydrogen  may  be  removed  from 
alcohol  with  the  formation  of  acetic  aldehyde.  This  body  is  formed 
as  an  intermediate  step  between  alcohol  and  acetic  acid.  Aldelpvde 
readily  combines  with  another  atom  of  oxygen  to  form  acetic  acid. 
Aldehyde  is  one  of  the  products  of  o.xidation  of  casein,  tibrin,  and 
albumin. 


103.  Acstic  Acid. -  This  body  is  a  licjuid  which  boils  at  a  tem¬ 
perature*  of  117°  and  freezes  at  17°  C.  ;  it  has  a  sharp  but  pleasant 
smell,  and  is  well  known  in  a  dilute  form  as  vinegar.  Vinegar  is 
manufactured  by  a  species  of  fermentation  from  alcohol  ;  its  interest 
in  connection  with  our  present  subject  lies  in  the  fact,  that  during 
many  fermenting  processes  acetic  acid  is  accidentally  produced. 

104.  Butyric  Acid,  or  HO4H-O2.  This  body  bears  tin* 

■sanu!  relation  to  butyl  alcohol  that  acetic  acid  does  to  that  of  (*thyl. 
llutyric  acid  occurs  in  rancid  butter,  sweat,  and  many  animal  secretions. 
It  is  also  one  of  the  products  of  jmtrefaction,  or  putrid  fermentation,  of 
many  organic  sidjstances  ;  for  instance,  it  may  be  formed  in  considei’- 
able  (puintity  by  the  action  of  putrid  cheese  on  sugar.  llutyric  acid  is 
a  li(piid  ha\  ing  a  sharj)  odour  resembling  that  of  rancid  butter. 


105.  The  Higher  Fatty  Acids.  These  have  ivct'ived  their 
special  name  because  of  their  occurrenci*  as  constitiu'uts  of  many  natural 
fats ;  among  those*,  thus  found  aree  butyric  acid  (abo\’e  dc'seribed)  ; 

jiahintic  .acid  HCiulhitb;  margaric  acid,  |  ‘>r 

[  COHO  ^  ^ Tliese  latter 

bodies  are  at  ordinary  temjK'ratui'es  fatty  solids,  melting  into  oils  with 
an  increase  of  U'liipt'rature*.  Thysically,  tlu'y  bear  little*  re*se‘mblance  to 
iecetic  aciel ;  but  the  formula*  at  once  show  their  similarity  in  constitutiem. 


1 IC,;!  l,,.,Oo ;  iind  ste'aric  aciel. 


106.  Fats  and  Soaps,  or  Salts  of  Higher  Fatty  Acids. — 

IMost  natural  hits  are  salts  of  the  higher  fatty  acids,  with  glycerin  as 
the  base;  for  e!Xiim])le*,  mutton  fat  is  e'ssentially  conn)ose*el  eef  the* 
.ste*arate  of  glycerin.  ^I'his  boely  may  bee  artificially  proeluce'd  by  heating 
togethe-r  stearic  acid  and  glycerin,  acce)rding  to  the  following  eejuatieur-  - 
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:mcj\.,,,0,  +  C3ii,(i[0)3  =  cy  4(0,311,30.3)3  +  311, ,0. 

stearic  Acid.  Glycerin.  Glycerin  Stearate.  Water. 

.Soiiit'  natural  fats  contain  an  excess  of  the  fatty  acid  over  and  above 
that  suilicient  to  combine  with  tlie  wliole  of  the  ylycerin  present. 

In  addition  to  the  “fatty”  iicids,  acitls  of  anotlier  ,yroup,  known  as 
the  oleic  series,  are  found  as  constituents  of  natural  oils  and  fals.  Oleic 
ticid,  HtyHjjOj,  is  the  product  of  oxidation  of  an  alcohol  of  the  family 
0„Jl„,j  jlIO  series:  it  will  be  noticed  that  the  formula  of  the  acid 
differs  from  that  t)f  stearic  acid  by  containing  two  atoms  less  of  hydro¬ 
gen  :  this  difference  follows  from  the  difference  in  the  typical  formula' 
■of  the  two  series  of  alcohols.  The  oleates  of  glycerin  constitute  the  oils 
or  licjuid  ])ortions  of  fats. 

l>y  the  action  of  alkalies,  as  soda  or  potash,  the  fats  are  decomposed, 
with  the  formation  of  sodium  or  ])ota.ssium  salts  of  the  fatty  acids, 
and  the  lilx'ration  of  glycerin  in  the  free  state.  These  salts  constitute 
the  bodies  known  technically  as  “soajjs,”  those  of  sodium  are  the 
“hard,”  and  those  of  potassium  “  soft  ”  soaps.  The  separation  of  fats 
into  glycerin  and  the  fatty  acids  may  also  be  effected  by  forcing  a 
current  of  steam  through  the  melted  fat.  The  glycerin  distils  over  with 
the  steam.  This  operation  of  decomposing  fat  by  the  aid  of  alkalies 
is  termed  “  sajionitication,”  and,  in  addition  to  its  great  u.se  in  the 
■commercial  manufacture  of  soap,  constitutes  a  valuable  method  of 
investigating  the  composition  and  properties  of  natural  fats  and  oils. 

.Some  few  otlier  organic  acids  of  interest  yet  remain  to  be  described  : 
.jimong  these  there  is  : — 

107.  Lactic  Acid,  HO3H3O3.  — This  body  occurs  in  sour  ndlk,  and 
is  also  produced  in  greater  or  less  quantities  during  fermentation  with 
ordinary  commercial  yeast.  Lactic  acid  is  a  sirupy  liquid  of  specific 
gravity  LJlo,  colourless  and  odourless,  and  having  a  very  sharp  soui' 
taste.  It  forms  a  well-detined  series  of  .salts. 

108.  Succinic  Acid,  H.,04H404.  —  Succinic  aciil  is  a  white  solid 
l)ody,  soluble  in  water.  It  is  one  of  the  bodies  produced  during  the 
noi'inal  alcoholic  fermentation  of  sugar.  On  being  heated,  succinic  acid 
evolves  dense  suffocating  fumes. 

109.  Tartaric  Acid,  H2O4U4OB.  — This  body  occurs  naturally  as 
a  constituent  of  the  juice  of  the  grape,  and  in  vai-ious  other  plants.  It 
is  when  ])ure  a  white  solid  crystalline  body,  soluble  in  water,  and 
possessing  a  pleasant  sour  taste.  On  being  heated,  tartaric  acid  evolves 
an  odour  of  burnt  sugar.  Tartaric  acid  is  dibasic,  and  foi  nis  both  an 
acid  and  a  mjrmal  series  of  salts,  ternu'd  “  tartratc'S.”  d'he  well-known 
substance  “cream  (jf  tartar”  is  acid  potassium  tartrate,  KIIC4H4O3;  this 
body  has  an  acid  reaction,  and,  like  tai  taric  acid,  d('coiiq)o.ses  sodium 
carbonate  with  the  evolutiem  of  carbon  dioxide  gas.  As,  however,  one- 
half  the  hydrogen  has  been  already  replaced  in  cream  of  tartar  by 
potassium,  that  salt  has  only  half  the  jmwer  of  decomposing  .sodium 
carbonaU;  that  is  jiossessed  by  free  tartaric  acid.  W  hen  acid  potassium 
tartrate  is  neutralised  by  the  addition  of  sodium  carbonate,  so  long  as 
effervescence  occurs,  there  is  ju'oduced  a  tlouble  tarti'ate  of  potassium 
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and  sodium,  KNaC^lf^Og.  Tliis  liody  is  solul)l(*  in  wattu’,  and  is  known 
as  ■'  .Koclielle  Salt.” 


110.  Definition  of  Homologues,  &c.--At  tliis  stann  of  tin* 

subject  it  will  be  convenient  to  explain  the  meaning-  wliicli  is  attached  to 
“  homolon'ue  ”  and  other  similar  tei'ins  used  in  describing'  organic  bodies. 
Series  of  bodies  are  termed  homologous,  in  ■which  their  general 
constituticn  may  be  represented  by  a  typical  formula  ;  thus,  tlie 
organic  radicals  of  the,  methyl  series  are  homologous,  sf)  too  are  the 
corresponding  alcohols,  and  also  the  fatty  acids.  The  melting  and  boil¬ 
ing  ])oints  of  the  meml)ei's  of  a  liomologous  series  usually  rise  as  tlie 
series  is  ascended.  When  capable  of  l)eing  vaporised,  tlunr  density  in 
the  gaseous  condition  incresiscrs  with  the  ascent  of  the  serit's.  Usually, 
the  lower  members  of  a  .series  of  homologues  are  more  chemically  active 
than  are  those  of  a  more  complicated  constitution. 

Many  organic  bodies  are  known  which  not  only  contain  the  same 
elements,  but  also  contain  them  in  the  same  proportion,  while  their 
physical  and  chemical  cliaracter  show  them,  nevertheless,  to  be  distinct 
compounds.  Distinct  compounds,  having  the  same  percentage 
composition,  are  said  to  be  “isomers,”  or  “isomeric  with  each 
other.  Isomerism  may  be  of  difterent  kinds.  Thus,  bodies  may  have 
tlie  same  percentage  composition,  and  yet  have  different  molecular 
weights :  in  these  cases  the  molecular  weights  are  multiples  of  the 
simplest  possible  molecular  weight  that  can  be  deduct'd  from  the  per¬ 
centage  composition.  Bodies  having  the  same  percentage  com¬ 
position,  but  dffferent  molecular  weights,  are  said  to  be 
“polymers,”  or  “polymeric”  with  each  other.  The  following  are 
instances  of  poh'ineric  bodies  : — 

Ethylene  — CoHj. 

Propylene — C.iHg. 

Butylene  — U^llg. 


In  adilition  to  isomerism  of  the  above  type  there  is  yet  another  more 
striking  variety.  When  distinct  chemical  compounds  have  not 
only  the  same  percentage  composition,  but  also  the  same 
molecular  weight,  they  are  said  to  be  “  metamers,”  or  “meta- 
meric”  with  each  other.  As  examples  of  metameric  compounds  the 
following  thre('  bodies  maybe  cited-  -propylamine,  methylethylamine, 
and  ti'imethylamine.  These  three  bodies  all  have  the  foi'inula, 

That  they  are  distinct  comi)ounds  containing  tlu'  same  prot)ortions  t)f 
carbon  and  hydrogen,  but  united  together  to  foi'in  different  organic 
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Propylamine.  Methyletliylamine  Trimotliylamine. 


hen  tlu'  formul; 

e  are  writtc'ii  a 

,s  below  ; 

1  Q,ii, 

1  ClI., 

(  Cilg 

II  X 

■  : 

x  '  Cll, 

H 

(h 

(  Clb, 

The  nature  and  constitution  of  these  Ixxlit's  are  described  in  para¬ 
graph  1  12. 

111.  Nitrogenous  Organic  Bodies.  -IMany  organic  compounds, 
Ijoth  from  animal  and  vegetable  .source.s,  contain  nitrogen  as  one  of 
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tlicir  constitupiits.  Of  tlio  u;r{‘at  iniijority  of  those'  hoclic's  notliiiiif  very 
definite  is  known  as  to  their  constitution  ;  a  lari^c',  nuinh('r  of  Ihein  are 
basic  in  tlu'ir  character,  and  hence  are  known  as  nitrogenous  organic 
liiisc's,  or  “alkaloids.” 

112.  Substitution,  or  Compound,  Ammonias.  -IMany  of  the 
nitrogenous  organic  bodies  aiH'  built  ujion  the  same  type  as  ammonia, 
and  may  be  viewed  as  annmenia  in  wliich  one*  or  more  of  the  atoms  of 
hyelrogen  are  replaced  by  conneound  radicals.  These  compounds  are 
terineil  “amines,”  or  “substitution  ammonias.”  The  three  bodies, 
ju’Opylamine,  methylethylamine,  and  trimethylamine,  whose  formula' 
are  given  in  a  preceding  paragrapli,  are  examples  of  amines.  The 
methylamines  are  gases  at  ordinary  t('m})eratures,  having  a  strong 
ammonical  and  tish-like  smell.  Trimethylamine  is  jtroduced  by  decom¬ 
posing  proteids,  and  is  the  source  of  the  characteristic  smell  of  tish. 

113.  Alkaloids.  — This  name  is  ap})lied  to  a  class  of  organic  bodies, 
most  of  which  contain  nitrogen,  cai'bon,  hydi'ogen,  and  oxygen.  All 
these  bodies  are  basic,  while  many  are  able  to  neutralise  even  the 
strongest  acids,  as  sulphuric  acid.  They  are,  as  a  class,  remarkably 
energetic  in  tlieir  action  on  animals  ;  thus,  quinine  and  moi'phine  are 
most  powerful  medicines,  while  strychnine  and  brucine  are  among  the 
most  vinlent  })oisons  ;  but  little  is  understood  of  the  constitution  of  the 
alkaloids;  it  is  probable  that  they  are  of  the  same  type  as  the  compound 
ammoinas.  For  the  sake  of  uniformity  in  chemical  nomenclature,  it  has 
bee'll  })roj)()sed  to  re.strict  the  termination  “ine”  to  the  alkaloids;  for 
this  reason,  glycerin,  dextrin,  etc  ,  should  never  be  written  glycerine', 
dextrine.  Arc. 

114.  Amides  and  Amido-Acids. — Amides  may  be  vieweel  as 

elerivatives  of  acids  in  which  amidogen,  replaces  hyelroxyl,  HO  ; 

or  tlif'y  may  be  lookeel  on  as  ammonia  in  which  one  or  iimre  of  the' 
hyelrogen  ateims  are  re*place'd  by  organic  raelicals.  Urea,  CON.2H4,  is  a 
typical  amide.  It  may  be  viewe'd  as  a  derivative  of  carbonic  acid 
CO(HO).^,  in  which  case  the  two  greiups  of  HO  are  replaced  by  two 
groups  of  NH.^;  or  on  thei  other  hypothesis  maybe,  re'gareled  as  two 
molecules  of  ammonia,  NH.„  with  a  pair  of  hydrogen  atoms  re'place'd  by 
CO,  thus  : — 

X  ^ 

*  ^*^CO  =  C0X„H4. 

V  '  H  frea,  e'ailianiide. 

(  H 

The  amide's  are  distinguishi'd  from  tlm  amines  by  the  latter  being 
incapable  of  elerivation  in  constitution  from  an  aciel. 

Among  amides  found  in  plants  arer  asparagine',  CjlI^X.^O.,,  anel 
glutamine,  C5I I i„N._,Oy.  Tlui  amide's  are  crystalline',  eliirusiblei  boelies. 
Asparagine'  is  soluble  in  hot  wate'r,  lent  not  in  alceehol  or  etlu'r. 

d'he  amido-aciels  are;  bodie;s  inte'rme'diate;  in  chai'acter  betwe'e'ii  an 
acid  and  a  we'ak  base',  fullilling  under  eliHe'ri'nt  cire-umstane'e's  the' 
functions  of  either.  The'y  may  be  viewe'el  as  elerivative'S  fremi  organic 
.acids  in  which  hj'dreige'ii  of  the'  ae-id  I'adical  is  rc'placi'd  by  amielogi'ii. 
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iiiul  sodium,  KXaCjIf^Og.  This  liody  is  soluble  in  wutei',  and  is  known 
as  •'  Rochelle  Salt.” 


110.  Definition  of  Homologues,  &C.  At  this  sta,<;-e  of  the 
suljjeet  it  will  he  cniivenient  to  explain  the  niea!iin<>-  which  is  attaelied  to 
“  honiologue  ”  and  other  similai'  terms  us(*il  in  desci’ihing  organic  bodies. 
Series  of  bodies  are  termed  homologous,  in  which  their  general 
constitution  may  be  represented  by  a  typical  formula  ;  thus,  the 
organic  radicals  of  the  methyl  series  ai-e  homologous,  so  too  are  the 
corresponding  alcohols,  and  also  the  fatty  acids.  The  melting  and  boil¬ 
ing  points  of  the  members  of  a  homologous  series  usually  rise  as  the 
series  is  ascended.  When  capable  of  being  vairuise  l,  tlieir  density  in 
the  gaseous  condition  increases  with  the  ascent  of  the  series.  Usually, 
the  lower  members  of  a  .series  of  homologues  are  more  cluunically  active 
than  are  those  of  a  more  com[)licated  constitution. 

Many  organic  bodies  are  known  which  not  oidy  contain  the  same 
elements,  but  also  contain  them  in  the  .same  proportion,  while  their 
jihysical  and  chemical  character  show  them,  nevertheles.s,  to  be  di.stinct 
compounds.  Distinct  compounds,  having  the  same  percentage 
composition,  are  said  to  be  “isomers,”  or  “isomeric  with  each 
other.  Isomerism  may  be  of  different  kinds.  Thus,  bodies  may  have 
the  same  percentage  composition,  and  yet  have  ditierent  molecular 
weights :  in  these  cases  the  molecidar  weights  are  multiples  of  the 
simplest  possible  molecular  w(ught  that  can  be  (hsluced  fi-om  tin*  per¬ 
centage  composition.  Bodies  having  the  same  percentage  com¬ 
position,  but  different  molecular  weights,  are  said  to  be 
“polymers,”  or  “polymeric”  with  each  other.  The  following  are 
instances  of  j)olymeric  bodies  : — 

Ethylene  — C„Hj. 

Pro  j  >y  lei  le — C.,  H  g. 

Rutylene  — C^Hg. 


In  addition  to  isomerism  of  the  above  type  there  is  yet  anotlu'r  more 
striking  variety.  When  distinct  chemical  compounds  have  not 
only  the  same  percentage  composition,  but  also  the  same 
molecular  weight,  they  are  said  to  be  “  metamers,”  or  “  meta- 
meric”  with  each  other.  As  examiih's  of  metameric  comiiounds  the 
following  three  bodies  may  bi'  cited-  -propylamine,  methylethylaminc, 
and  trimethylamine.  The.se  three  bodies  all  have  the  formula,  XCgllg. 
That  they  are  distinct  compounds  containing  the  .same  proportions  of 
carbon  and  hydrogmi,  but  unitisl  together  to  form  difiercnt  organic 
radicals,  is  ,s(‘en  when  th(>  formula'  are  written  as  below:-- 


C,II, 


N  '  11 

I  H 

Propylaiiiiiie. 


I  Oil., 

N-  aii„ 

( 11 

Metliylctliyl.'imiiie 


XT  '  /  T 


Cll., 


N-  t'lL 

(Clb, 

Trinietlivhimiiie. 


The  nature  and  constitution  of  these  bodies  are  described  in  para¬ 
graph  112. 

111.  Nitrogenous  Organic  Bodies.  --1M any  organic  compounds, 
both  from  animal  and  vegetable  sources,  contain  nitrogen  as  one  of 
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tlu'ir  ccnstitiu'uts.  Of  tlio  ,”;roiit  luajority  of  tli('S(‘  liodios  iiotliinj'  v(>ry 
(lotinite  is  known  as  to  tlioir  constitution  ;  a  lai't^c  numlicr  of  them  are 
liasic  in  tlieir  cliaracter,  and  hence  arc  known  as  nitrogenous  organic 
liast's,  or  “alkaloids.” 

112.  Substitution,  or  Compound,  Ammonias.-  IMany  of  the 
nitrogenous  organic  bodies  an'  built  u})on  the  same  type  as  ammonia, 
and  may  be  viewed  as  ammonia  in  which  one  or  more  of  the  atoms  of 
hydrogen  are  replaced  by  com2)ound  radicals.  These  com})ounds  are 
termed  “amines,”  or  “substitution  ammonias.”  The  three  bodies, 
liroiiylaniine,  nu'thylethylamine,  and  trimethylamine,  whose  fcjrmuhe 
are  given  in  a  preceding  2)aragra2)h,  are  examjjles  of  amines.  The 
methylamines  ai’e  gases  at  ordinary  tenpieratures,  having  a  strong 
ammonical  and  tishdike  smell.  Trimethylamine  is  })ro(luced  by  decom¬ 
posing  jiroteids,  and  is  the  source  of  the  characteristic  smell  of  tish. 

113.  Alkaloids. — This  name  is  aj)j)lie(l  to  a  class  of  organic  bodies, 
most  of  which  contain  nitrogen,  carbon,  hydrogen,  and  oxygen.  All 
these  bodies  are  basic,  while  many  ai'e  able  to  neutralise  even  the 
strong<‘st  acids,  as  sulj)huric  acid.  They  are,  as  a  class,  remarkably 
energetic  in  their  action  on  animals  ;  thus,  quinine  and  moi'idiine  are 
most  j)owerful  medicines,  while  strychnine  and  brucine  are  among  the 
most  violent  jKUsons  ;  but  little  is  understood  of  the  constitution  of  the 
alkaloids;  it  is  i)robable  tliat  the»y  ai  e  of  the  same  type  as  the  comjiound 
ammonias.  For  the  sake  of  uniformitx'  in  chemical  nomenclature,  it  has 
been  i)roj)osed  to  restrict  the  termination  “ine”  to  the  alkaloids;  for 
this  reason,  glycerin,  dextrin,  tire  ,  should  never  be  written  glycerine, 
dextrine,  ii:c. 

114.  Amides  and  Amido- Acids. — Amides  may  be  viewed  as 
derivatives  of  acids  in  which  amidogen,  NIL,  replaces  hydro.xyl,  HO  ; 
or  they  may  be  looked  on  as  ammonia  in  which  one  or  mort;  of  the 
hydrogen  atoms  are  reiilaced  by  organic  radicals.  Urea,  CON.^H^,  is  a 
typical  amide.  It  may  be  viewed  as  a  derivative  of  carbonic  acid 
CO(HO).^,  in  which  case  the  two  groups  of  HO  are  rejdaced  by  two 
gr(.)U])s  of  NH.^;  or  on  the  other  hyjiothesis  maybe  regardeil  as  two 
molecules  of  ammonia,  NJf.,,  with  a  pair  of  hydrogen  atoms  rejilaced  by 
CO,  thus  : — 

(H 

^  ^  CO  =  CON.,!!,. 

AT  '  I'rea,  Carlianiiile. 

^  (  H 

The  amides  ai'e  distinguished  from  tlu^  amines  by  the  latter  being 
incapable  of  dei'ivation  in  constitution  from  an  acid. 

Among  alludes  found  in  jilants  are  asparagine,  Cj F .^O.,,  and 
glutamine,  Cjl  1  i„N._,0^.  The  amides  are  crystalliiu',  dillusilile  bodies. 
Asparagine  is  soluble  in  hot  water,  but  not  in  alcohol  or  (‘ther. 

The  amido-acids  are  bodies  intermediate  in  character  betwc'i'ii  an 
acid  and  a  weak  base,  fullilling  under  dili’erent  circumstances  the 
functions  of  eitlu'r.  They  may  be  viewed  as  deri\ati\'es  from  organic 
iicids  in  which  hydrogen  of  the  acid  radical  is  replacc'd  by  amidogen. 
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Aspartic  acid,  amido-succiiiic  acid,  C^ILNO^,  and  c:lutainic  acid,  amido- 
glutaric  acid,  CVH„NO^,  are  meud)ers  of  tliis  group.  So  also  are  leucine, 
aniido-caproic  acid,  and  tyrosine,  ainido-o.xy-phenyl-propionic 

acid,  Cj,41jjN0.j;  all  the.se  bodies  being  important  decomjiosition  products 
of  the  proteids.  Leucine  is  soluble  at  1  2°  C.  in  parts  of  water  and 
800  of  alcohol  ;  and  insoluble  in  ether.  Tyrosine  dissolves  in  loO  parts 
of  l)oiling  water,  and  is  insoluble  in  alcohol  and  ether. 


TIIK  MICUO.SCOPK, 


CITAPTER  IV. 

TIIK  MICROSCOPE,  AND  POLARISATION  OF  LIOIIT. 

115.  Object  of  Microscope. — A  dpscrijitiou  of  the  microscope, 
and  metliod  of  using  it,  is  given  at  tliis  early  stage,  because  the  student 
will  continually  timl  it  reipiisite  to  have  recourse  to  this  instrument 
from  time  to  time,  while  guing  on  with  his  study  of  the  chemical 
properties  of  the  vailous  grain  constituents.  In  order  to  thoroughly 
understand  the  physical  construction  of  bodies  it  is  necessary  to  see 
them.  The  microscope  is  an  instrument  to  enalile  us  to  see  points  of 
physical  construction  which  are  so  minute  as  to  escape  the  unaided 
vision. 

116.  Description  of  Microscope. — The  demand  for  good 
microscoiies  has  led  to  the  supph'  by  a  number  of  makers,  both  English 
and  Continental,  of  really  e.\ cel  lent  instruments  at  low  cost.  In  con¬ 
sequence,  the  microscope  is  not  now,  even  to  the  general  public,  an 
unfamiliar  juece  of  apparatus.  These  pages  are  not  the  place  where  an 
exhaustive  description  of  microscopes  could  Avith  fitness  be  given,  but  as 
the  instrument  should  be  in  the  hands  of  every  miller  and  baker,  a  few 
hints  as  to  how  to  use  it  for  such  purposes  as  those  occurring  during 
milling  and  bread-making  will  naturally  find  a  place  in  this  work.  As 
an  instrument  suitable  for  the  work  of  miller  and  baker,  the  writer  has 
figured  one  supplied  by  Charles  Raker,  of  244,  High  Holborn,  London. 
These  microscopes  are  chea])  (in  the  best  sense  of  the  term),  of  excellent 
make,  and  always  trustworthy. 

Every  reader  will  probably  be  familiar  with  the  general  appearance 
of  the  instrument  as  shown  in  the  illustration.  The  microscope  proper 
consists  of  the  stand,  to  which  is  attached  the  main  tube  of  the  instru¬ 
ment,  by  means  of  a  sliding  “dove  tail”  ari'angement,  that  can  be  raisefl 
or  lowered  by  a  rack  and  pinion  ;  the  pair  of  milled  heads,  d,  cactuate  this 
pinion.  The,  stage  is  that  part  of  the  instrument  arranged  for  tlu'  re- 
ce))tion  of  the  object  being  examined.  It  consists  of  a  flat  surface  at 
right  angles  to  the  axis  through  the  tube  of  the  microscojie,  and  carries 
on  it  a  sliding  jiiece,  E,  which  can  (aisily  b(‘  moved  upward  or  downward 
on  the  stage.  By  means  of  spring  cliiis,  the  glass  on  which  tlu^  object 
is  mounted  is  held  on  this  sliding  jiieci*,  and  thus  may  be  shifti'd  in  tlu* 
one  direction  ;  it  is  easily  moved  from  right  to  left  by  adjustment  of  the 
object  itself  with  the  lingei-s.  Undei'iu'ath  tin;  stagi^  is  a  contrivance 
known  technically  as  the  sub-stage  ;  this  is  also  fitted  with  a  rack  and 
jiinion,  and  may  be  raised  or  lowm’cd  by  the  milled  head,  o.  The 
central  ajx'rture  of  the  sub-stage,  .i,  is  ai-rang(‘d  to  take  either  a  sub 
stage  illuminatoi'  (Abbe  condenser),  a  series  of  diaphragms,  f  lu'  polariser 
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<le<j;re(‘ ;  on  tlio  otlier  liaiid,  it  should  Ix'  sutliciont  for  tlie  ohjt'ct  to  1)P 
seen  comfortal)ly.  The  d-incli  ohjoctivp  will  show  the  ^lirain  of  wlipat 
ocoupyiny  ahnost  the  whoh'  of  tlip  lipid  of  vision.  Any  object  when 
spf'ii  thi'onyh  tin*  inicroscopf*  is  invei-ted  ;  that  is,  the  top  is  setni  at  the 
hottoni,  and  the  h'ft  side  at  the  laylit.  J’y  2)ullin,y  out  the  draw  tube 
the  object  is  still  furtlun-  inaynitied. 

Tn  th(“  ne.xt  })la.ce,  unsci'ow  the  d-inch  and  substitute  for  it  the  1-inch 
objective.  The  inicroscojx'  tube  will  now  hav(^  to  be  lowei-ed  con¬ 
siderably  until  the  object  is  ayain  in  focus.  xV  portion  oidy  of  the 
wheat-, ifi'ain  is  seen  in  the  field,  but  that  poi'tion  is  inagnitied  tcj  a  much 
greater  degree. 

The  illumination  is  much  less  than  with  the  d-inch  object  glass. 
Notice  that  more  of  the  det;iils  of  the  object  can  be  distinguished. 

The  ^-inch  objective  may  now  be  tried.  Unless  the  section  is  a  very 
thin  one,  it  will  not,  however,  sln)w  up  well.  Having  e.xchanged  the 
inch  for  this  ])ower,  lower  the  microscope  tube  until  the  end  of  the 
object  gla.ss  is  within  an  eighth  of  an  inch  from  the  slide;  then  move 
the  milled  head,  d,  very  slowly  and  carefully,  watching  all  the  time 
until  the  object  is  again  in  focus  :  for  this  pur})Ose  it  is  well  to  move  the 
slide  until  a  portion  of  the  skin  of  the  grain  is  in  view.  The  milled 
ho'ad,  E,  at  the  back  of  the  instrument,  may  now  be  used  for  making 
the  timil  adjustment  of  the  focus.  This  latter  milled  head  is  termed 
the  “tine  adjustment,”  while  that  by  means  of  the  rack  and  pinion  is 
spoken  of  as  the  “coarse  adjustment.”  For  the  lower  j)owei's  the  coarse 
adjustment  is  sutlicient. 

This  e.xercise  with  the  three  pow(>rs  will  have  shown  the  student  the 
mode  of  using  his  microscope.  He  must  accustom  himself  to  moving 
the  object  about  on  the  stage,  so  as  to  get  any  portion  he  wishes  in 
view  ;  this  presents  some  little  dithcult}'  at  first,  because  the  movement 
must  be  nuuh*  in  the  opposite  din'ction  to  that  in  which  it  is  desired 
that  the  magnified  image  shall  trav('l. 

118.  Measurement  of  Microscopic  Objects. — Tlu'  micro- 

scoj)e  is  not  meixdy  used  for  the  ])ur})ose  of  seeing  small  objects,  but, 
with  the  addition  of  certain  accessoiues,  is  also  emi)loyed  for  measuring- 
their  size.  The  first  object  recpusite  for  this  purpose  is  a  “stage  micro¬ 
meter;'’  an  (‘ye-piece  micromet(n-  should  also  h(>  j)rocured.  The  stag«‘ 
micrometer  may  consist  of  a  fraction  of  an  incli  further  divided  up 
into  tenths  and  hundi('dths,  oi-  ])refm-ably  of  a  millinudre  similarly 
graduated.  'I'lie  scale  for  this  ])urpose  is  accurately  })liotograph(‘d  on  a 
glass  slip,  the  same  as  an  ordinaiy  slide.  It  will  be  remembered  that 
the  millirneti-e  is  veiv  neiirly  the  t wcmty-tift h  j)ai-t  of  an  inch,  cons(>- 
(luently  the  tenth  or  iuindi-(*dth  of  a  millimetre  may  be  taken  as  ecpial 
to  the  two  hundred  and  fiftieth,  or  two  thousand  live  hundredth  part 
of  an  inch.  Woiking  with  low  ])owei's,  it  is  suflieicnit  for  rough  pur¬ 
pose's  to  ])l:ice  the  stiig('  micrometer  fact'  downwards  on  tlu'  object  to 
i)e  measured,  and  tln'ii  to  l•('ad  the  number  of  divisions  of  the  mici'o- 
meter  over  which  the  object  to  be  measuiH'd  e.xtenils.  This  can  oidy  b(' 
done  with  powei-s  sullicieidly  low  to  ])ermit  the  liiu's  on  the  micrometer, 
and  the;  object,  under  ('.xaminat ion,  to  bt'  in  focus,  or  nearly  so,  at  thi' 
same  time',  d’he  ey('-])i('C(!  micromeli'r  is,  for  all  purpose's,  far  pi-e'fei’able'. 
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'Pliis  instriiiiu'iit  consists  of  u  sciih'  (Mij;rav('cl  on  a  circular  i)i('cc  of 
"lass,  as  shown  in  Figure  il,  which  is  lixcd  in  a 
s])ecially  adaptt'fl  cyc-piccc,  also  ti"ui'('d.  'I'he  to]> 
of  the  ev(‘-])iccc  draws  out,  and  the  inicroineter 
scale  drojUK'd  in,  so  as  to  r(‘st  on  the  diapln^igin 
shown  in  section  midway  of  the  eye-i)iece.  Tlie 
tiyures,  of  course,  must  be  uppeiunost,  so  as  to  read 
rightly  on  looking  down  the  microscope.  Tin*  scab; 
being  in  position,  the  sliding  tub(^  of  the  eye-piec(' 
dtself  is  di'awn  up  or  down  until,  on  looking  through 
it,  the  grafluatic)ns  ai't'  shai'ply  focussed.  AVith  tlu; 
eye  piece  in  position,  on  looking  down  the  mienj- 
scApe,  both  the  eye-})iece  scale  and  the  object  arc* 
seen  in  focus  together.  The  scale  looks  as  though 
it  were  simply  supei'posed  on  the  olject  The  value' 
of  this  scale  varies  with  each  ditlerent  power  em- 
ployt'd,  but  may  be  detennined  in  the  following 
manner — screw  the  low-est  power  into  the  micro¬ 
scope  ;  put  the  stage  micrometer  on  the  stage,  and 
read  off  carefully  in  tenths  and  hundredths  of  a 
millimetre  the  value  of  one  division  of  the  eye¬ 
piece  micrometer.  Next  repeat  the  same  measure¬ 
ment  in  exactl3'  the  same  wa}"  with  each  of  the 
other  objectives.  In  these  determinations  the  draw 
tube  must  invariabh’  be  in  the  s<ame  position  ;  it 
is  best  to  have  it  always  closed  when  the  microscope  is  being  used 
for  measuring  purposes.  Thus,  foi-  example,  with  one  of  the  microscopes 
in  the  possession  of  the  write)’,  one  division  of  the  ej’e-piece  has  the 
following  vjilues  with  diti’ei’ent  objectives  ;  — 
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<  >1  ijective. 

M..M. 

Inch. 

clcl,  Zeiss, 

0.2SG 

2s-r) 

0-00112 

A, 

0-172 

17-2 

0-000G7 

0-0041 

4-1 

0-0001 G 

One-twentieth  inch, 
C)il  immei’sion. 

0  00104 

1-04 

0-00004 

Supposing  that  ;in  object,  undei’  exjimimition  with  the  highest  power, 
on  being  mcasui-cd  is  e^’e-piece  divisions  in  length,  then  its  real 


length  is 


O’OOIOI  X  2’2  =  0’00;5:?:i  m.m.,  or  O’OOOIS  inch. 


119.  The  Micromillimetre.  AVhen  the  dinu'nsioTis  of  minute 
objects  ai-e  expr’cssed,  either  i))  i)ich(‘s  oi’  in  milliim'ti'cs,  thej'  I’ccpiii’e 
such  ;i  number  of  tigures  that  it  is  dillicult  to  :it  tii-st  i-c'alisc  the  value 
of  the  dim(')ision.  Jt  has  the)’efor(>  In't'ii  pi'oposed  to  cmjiloy  tlu'  o)ie- 
thousiindth  pai’t  of  ;i  millimeti’c  ;is  a  unit  of  length  for  mici’oscopic 
iiK'asin-emcnts.  'I’his  uint  is  oillcd  a  micj-omillinu't  re,  fo>’  which  the 
following  Jibb)('viation,  “  mkm.,”  nuiv  be  used.  The  miem.  is  also  some 
times  ciillcd  ji  “p  ”  (jironounced  niu)  ;  its  \iilu('  in  inches  is  \  ('i’v  lu'ai'ly 
•J.->4  0(7  Th('  e_y(‘-])iece  mcjisui'cmmits  given  in  the  jircceding 

j)ai’!igr’aph  have  also  theii-  viilues  expi'c'sscd  in  mici’omillimctrcs. 
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120.  Magnification  in  Diameters. — Tliere  remiuns  to  Ijo 

o.xplaincd  a  cuiiveiiicnt  luethod  of  measuring  the  iiiagiufying  jiower  of 
ohjectives  and  eye  jiieces.  jV  common  metliod  of  (expressing  llie  yaliie 
of  parti(adar  comhinations  of  tliese  two  is  to  say  tliat  tliev  magnify  so 
many  diameters  moment’s  rellection  will  show  that  tin*  image  seen 
with  a  microscope  wdll  yary  in  actual  dimensions,  according  to  whether 
it  he  supj)osed  to  he  near  to  or  far  from  the  eye.  The  only  real  measun'- 
ment,  in  fact,  is  the  yisual  angle  it  suhtends.  'J'his  heing  the  case,  tin* 
measurement  in  diameters  is  always  expi’t'ssed  with  tin*  understanding 
that  the  ol)ject  is  supposed  to  he  10  inches  from  the  eye. 

Here  for  a  moment  a  slight  digression  must  he  made.  IMost  he- 
ginners  when  looking  through  a  microscope  close  the  eye  not  in  use. 
'J'his  is  a  had  plan,  as  the  eyes  are  therel)y  much  more  fatigued.  Both 
eyes  should  he  kcqit  o])en.  At  first  the  surrounding  objects  are  con¬ 
tinually  heing  seen  with  the  unoccupied  eye,  and  it  is  apparently  a 
ho})eless  case  to  see  the  object  under  the  microsco])e  at  all.  Practice 
oyerconies  this,  hut  the  writer  has  found  the  best  jilan  is  to  fix  to  the 
micnwcope  tube  a  piece  of  dead  black  cardb(jard,  ,so  that  the  unoccupied 
eye  sees  only  a  l)lack  surface.  The  object  will  now  he  ohseryed  with 
the  greatest  readiness,  and  prol)ahly  not  one  quarter  the  fatigue.  Tn  a 
very  short  time  the  cardboard  shield  may  he  dis})ensed  with,  and  tlu' 
trained  eyes  so  hehaye  that  the  one  is  transmitting  the  yiew  of  tl»e 
microscopic  (.(hject  to  the  brain,  while  the  other  is  remaining  idle  and 
resting.  'Ihe  student  should  accustom  himself  to  use  either  eye  in- 
ditlerently  ;  he  will  soon  llnd  that  he  will  no  more  thiidc  of  closing  one 
(*ye  when  lo(.)king  through  his  microsco})e  than  he  would  of  tying  his 
left  hand  behind  his  hack  before  he  shakes  hands  with  his  right. 

Now,  the  object  of  our  momentary  departure  will  he  (‘yident  ;  tlu‘ 
idle  eye  can,  at  will,  he  used  for  looking  at  something  (‘ls(‘,  so  that  the 
one  eye  is  looking  at  the  microscopic  (.)bject,  the  other,  if  wished,  at  say 
a  piece  of  paper.  Place  the  stage  micrometer  in  focus,  and  tlx  a  piec(‘ 
of  still'  })a}ier  or  cardboard  as  lu'ar  as  })ossihle  to  the  microscope,  at 
right  angles  to  its  axis,  and  ten  inches  from  the  (*ye-piece.  Look  down 
the  tube  with  the  one  eye,  and  with  the  other  at  the  ]iiect‘  of  paper. 
The  maginticd  micrometer  scide  app(‘ars  as  though  drawn  on  tlu'  paper. 
Still  using  both  eyes,  trace  with  a  pencil  on  the  paper  the  exact  jiosition 
of  each  line  i-epiv.s(‘nting  th(‘  Lmths  or  hundredths  of  the  millimetre. 
Next  imaisure  on  the  jiaper  tin'  distance  betwiam  th((  two  marks  trac(*d 
from,  .say,  the  tentlis  of  a  millinu'tre  ;  suppos(‘  that  this  distance'  is  tice 
millimetres,  then  that  pai’ticidar  combination  of  oye-pit'ce  and  objectiy(“ 
has  a  magnifying  pnw(‘r  of  lifty  diamet(‘rs.  i\l(*asure  each  otlu'r  com¬ 
bination  possible  with  the  yariotis  eye-piec('s  and  ohjectiyes  in  your 
possession  in  the  same  way. 

121.  Microscopic  Sketching  and  Tracing.  Tlu'  aboye 

method  of  measuring  is  very  useful,  because*  with  small  objects  occupy¬ 
ing  a  ]iortion  only  of  tlu*  held,  it  is  possible*  to  treice*  tlu*m  on  the*  i»ii]R*i- 
in  the  nuuincr  (l(*scribed,  and  such  triicings  ai'e*  th(*n  known  to  be 
magnilie*(l  to  the*  extent  asc(*rtain(*(t  by  ]ir(*yious  m(*asur(*ment  .as  dir(*ct(*(l. 
Such  sketebing  by  act  end  tracing  is  y(*ry  (le*sii-id)l(*  in  microscopic  work, 
as  othei'wise  the*  student  is  (*xti-cme*ly  likel}'  to  dreiw  an  object  (*ithe*r  too 
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liiri^e  or  too  small ;  this  is  to  hi'  avoidi'il,  as  imi'  ohjoct  of  microscopic 
examination  is  to  detiniteh'  ascertain  the  size  of  objects.  It  is  the 
writer’s  pi-actice  when  workintj;  without  sketcliini;-  to  note  the  measui-c- 
ineiits  with  the  eye-])iece  micrometer.  W’hi'ii  sketchiin;'  he  makes 
tracinj^s  of  sutlicient  at  least  of  the  object  to  n'ive  its  actual  dimensiojis 
bv  a  process  similar  in  principle  to  that  already  desciilied. 


122.  Camera  Lucida.  For  tracini^  with  thi'  microscojie  an 
apjiliance  has  been  invented,  which  is  known  as  a  “camera  lucida;” 

there  is  also  a  modification  termed  a 
neutral  tint  camera.  An  ingenious 
combination  of  eye-piece  and  camera 
lucifla  in  one  piece  of  apjtaratus  is 
shown  in  section  in  fi  1,01  re  4.  The 
principal  jiortion  of  the  tioure  consists 
of  the  ordinary  eye  piece,  a,  l>,  with 
its  upper  and  lower  lenses,  r,  d :  the 
central  dotted  line,  e,  f,  is  the  direct 
axis  of  vision  through  tlie  microscope. 
At  the  top  right  hand  of  the  figure  is 
a  glass  ])risin,  g,  of  peculiar  shape. 
The  angles  of  this  are  so  arranged 
that  a  ray  of  light,  jiassing  in  the 
direction  //,  /,  is  totally  reflected  at  /, 
in  the  direction  /,  k,  and  again  at  k,  is 
totallv  reflected  in  the  line  k,  1.  The 
result  is  that  the  eye  placed  over  the 
apei’ture  of  the  I'ye-piece,  at  w,  re¬ 
ceives  both  rays  of  light,  e,  and 
h,  i,  k,  /,  which  enter  the  eye  parallel 
to  each  other.  The  result  of  this  i.s 
that  the  eye  sees  simultaneously  with 
the  object  under  the  micro.scope  any 
other  object  placed  in  the  direction 
of  tlie  line  /,  h;  both  aie  combined 
and  appear  to  be  in  the  direct  line 
of  vision  through  the  instrument.  Conseijnently  if  a  sheet  of  paper  be 
placed  under  /,  //,  it  and  the  microscope  image  apjx'ar  to  the  eye  to 
coincide. 

When  wishing  to  use  the  camera,  place  the  microscope  in  a  vertical 
position,  directly  facing  the  source  of  light,  and  turn  the  camei'a  so 
that  the  prism,  is  at  the  Tight  hand  side  (as  figui-ed).  Pi'ocui'i'  a  box 
or  other  convenient  stand  of  such  ii  height  tluit  its  mipei'  surface,  wlii'ii 
])liiced  beside  the  microscope,  is  of  the  siimi!  height  as  the  mici'oscope 
stage.  Place  this  box  on  the  light  hand  side  of  the  instiaiment,  under 
the  piism,  g,  so  tluit  the  line,  /,  /g  points  to  it.  Foi-  drawing  purposes 
the  most  convenient  ari’iingemi'nt  is  ;i  small  (h-jiwing  “  block  ”  of  hot 
pressed  pajiei',  sheet  iifter  sheet  of  which  can  be  I'l'inoved  as  finished. 
Place  this  on  the  stand,  undei' /,  //,  titkI  look  thi’ough  the  insti'ument ; 
both  object  .and  papei' should  be  seen  in  combination  ;  that  is,  the  image 
should  iippeai"  to  lie  super’iTosed  on  the  p;ipei'.  'J’o  pi'opeiiy  gi't  this 
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(‘lH'ct  the  ]);iper  and  iinas^e  sliould,  a;s  nearly  as  j)()ssil»le,  ))e  e(jiially 
illuminated.  As  the  pajx'r  is  usually  hiuylitcu'  than  the  inuiLte,  jirovision 
is  made  for  rutting  dH'  some  of  the  liyht  from  it  hy  introducin'^  ])lates 
<if  neutral  tinted  ylass  in  the  path  of  /,  //,  just  below  the  pi’ism,  (Jn 
the  other  hand  the  illumination  of  the  object  may  be  adjusted  l)y  means 
of  the  reflecting  miiror  of  the  microscope. 

As  a  preliminary  to  tracing  with  the  camera,  })lace.  tlie  stage  micro¬ 
meter  in  focus,  and  the  microscope  and  pa})er  in  their  resp(*ctive 
positions.  Then,  by  means  of  a  })encil,  mark  on  the  paper  the  length 
of  the  millimetre  or  fraction  of  the  millimetre,  and  calculate,  out  once 
for  all  the  magnitication  in  exact  number  of  diameters.  This  is  very 
easily  done,  as  tlie  lines  of  the  object  appear  to  be  drawn  on  the  paper  ; 
the  })encil  j)oint  being  also  seen,  the  oiieration  of  tracing  simply  consists 
of  going  over  lines  apparently  already  on  the  paper.  With  the  same 
])owers  and  eye-jjieces,  and  nnci-oscoja*  and  paper  in  the  same  relative 
])Ositions,  the  magnitication  is  always  the  same.  Jn  actual  sketching  it 
IS  usually  sutlicient  to  trace  in  the  principal  outlines;  the  details  may 
then  be  added  with  sutlicient  accuracy  by  the  ordinaiy  method  of  judging 
dimensions  by  the  eye,  as  in  freehand  drawing. 

123.  Microscopic  Counting:  the  Heematimeter.  — Jb)r 

certain  purposes  it  is  highly  important  t(j  be  able  to  count  the  number 
of  small  solid  jiarticles  suspended  in  a  fluid.  Among  them  is  the 
counting  of  blood  cor})Uscle.s,  and  of  yeast  cells  sus})endt'd  in  water  or 
fermenting  liijuid.  An  instrument  was  first  devised  foi'  this  purpose, 
in  order  to  count  blood  coi-puscles,  and  hence  is  called  a  ha*matimeter  : 
the  same  a])pliance  is  adapted  to  the  counting  of  yeast  cells,  and  is 
illustrated  in  Figure  5.  The  instrument  consists  of  a  stout  gla.ss  slide, 
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(i,  on  whieh  is  cemented  a  cover-glass,  />,  with  a  circular  ojiening,  thus 
<'onstituting  a  cell.  On  the  glass  slide,  and  in  the  centre  of  this  cell,  is 
arranged  a  raised  circle  of  glass,  c,  on  which  is  engraved  a  series  of  lines 
at  right  angles  to  each  othei',  thus  marking  its  surface  oil"  into  a  number 
of  scpiares.  Each  of  these  sipiares  has  an  area  of  j’,)  (O-UO'J,'))  sipiare 
millimeti'e.  The  inner  circle  of  glims,  r,  and  the  cover-glass,  d,  are  .so 
ai-ranged  that  the  former  is  exactly  mm.  the  thinner;  so  that  when 
the  cover-glass,  d,  is  brought  down  into  ahsolute  contact  with  /i,  the 
space  between  the  lower  surface  of  d  and  the  upper  of  c  is  exactly  Od 
mm.  in  thickness.  Therefore  the  culiic  contents  of  the  space  aliove  each 
•siiuare  on  ^  is 

U'U0:i5  X  UT  =  0-00025  =  luoy  cubic  mm. 
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To  port\>fiii  ;i  countiiii;'  o]n‘ratiou  on  yoast,  for  oxainplo,  an  averaj^o 
sample*  must  l)e  takon,  (iiluti-d,  and  shaken  u})  until  tlu^  cells  are 
uniformlv  distrihuted  tlir(m,>;h  the  li(iuid.  Hansen  considers  that  the 
li(juivl  most  suitable  for  this  i)urpose  is  dilute  suli)liuric  acid,  1  part  to 
10  of  water:  for  yeast  the  author  prefers  to  employ  1  part  sulphuric 
acid,  1  j>art  i,dycerin,  and  S  of  water.  The  viscid  nature  of  the  ^dycerin 
enables  the  liijuid  to  kee})  the  cells  uniformly  susp(*nded  throu,i,di  it  for 
a  loiiLfer  time.  The  method  of  employing  the  ha‘matimi“t(“r  is  best 
exjilained  by  giving  an  actual  e.xample.  From  a  sample  of  comjiressed 
yt'ast,  O'llo  grams  were  weighe<l  off  ajid  made  up  to  oO  c.c.  with 
dilute  glvcerin  and  sulphuric  acid.  The  yeast  was  broken  down  and 
thoroughly  mixed  with  the  liejuid  by  violent  shaking  for  some  time  in  a 
dask.  A  di'oplet  was  then  removed  l)y  means  of  a  pointed  glass  I’od, 
and  placeil  on  the  centre  of  the  glass,  r,  of  the  luematimeter,  and 
immediately  covered  with  the  cover,  d :  this  is  lu'ld  in  closer  contact 
either  by  a  pair  of  snaill  sju’ing  clips  or  by  a  weight  ]nit  on  d.  (The 
minute  drop  for  this  purpose  must  not  be  more  than  sutheient  to  nearly 
fill  the  space  between  the  two  glass  sui  faces  :  it  must  not  be  enough  to 
I’un  over  into  the  annular  space  between  b  and  c.)  The  apparatus  is 
placed  aside  in  a  horizontal  po.sition  to  rest  sufficiently  long  for  the 
suspended  cells  to  fall  to  the  bottom  of  the  layer  of  Ii(juid  between  c 
and  d.  The  yeast  cells  having  settled  down,  say  in  ten  minutes,  place 
the  luematimeter  on  the  horizontal  stage  of  the  microscope,  and  pre])are 
to  commence  counting,  using  about  -J-inch  objective  (Zeiss  D).  The 
yeast  cells  will  be  seen  lying  on  the  engraved  scpiares,  .some  within  the 
stmares,  and  others  directly  on  tlie  dividing  lines.  Commence  counting 
the  cells  within  the  top  leftdiand  scjuare,  and  make  a  note  of  the 
number,  then  go  on  along  the  line,  come  back  and  count  those  on  the 
sciuares  of  the  next  line,  and  so  on.  The  cells  lying  on  the  lines  must 
also,  of  course,  be  counted,  but  only  once  :  that  is,  all  lying  on  the 
horizontal  lines  must  be  counted  in  the  sejuares  above  them,  and  all  on 
vertical  lines  in  the  s<juares  to  the  right  of  them.  The  counting  must 
be  continued  until  a  sutiicient  number  of  s(|uares  have  been  taken  to 
give  a  true  average.  By  experiment  it  should  he  ascertained  how  many 
s(iuares  must  be  counted  in  order  that  an  additional  number  has  no 
influence  on  the  average  obtained.  ft  is  usually  sufficient  to  count 
some  bO  or  60  of  the  .small  s(iuares.  It  is  convenient  to  have  tlie  liejuid  of 
such  a  degiee  of  dilution  that  about  t*  -10  cells  occur  in  each  square. 
Apja-oximately  the  accidental  errors  amount. 


by  counting 

J) 


‘200  cells,  to  b  per  cent,  of  the  total  i'(‘.sult. 


12b0  „  2 
bOOO  „  1 


5) 


In  the  experiment  being  desci'ibed,  100  scpiares  were  count(‘d,  and 
ecjiitained  738  yeast  cells. 

Now  the  spac(“  above  each  scjuare  =  0-0002b  chc.  m.m. 
Therefore!  100  spaces  =  0'02b  chc.  m.m.,  and  contain  738  cells, 
dheretoi'e  1000  sjiaces^TOOO  chc.  m.m.,  and  c(.)ntain  7'38  x  4000  = 

2 'J,b 20  cells. 
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TlK'i’cfore  1  c.c.  =  1000  o1)l\  in  hi.,  and  contains  29,.oi!0  x  1000  = 

29,020,000  ccll.s. 

Ilut  1  c.c.  contained  O'OOo  f^rain  of  yeast,  and  tlicri'fore  1  <,o’ain  contains 
29,020,000  X  200  904, 000, 000  cidls. 

Hut  1  111.  avoirdujiois  =  4r)3’o9  ifranis,  and  tliercforc  1  lb.  of  the  yeast 
contained  -- 

0, 904, 000, 000  X  4r)3-59  =  2, 077,990, 300, 000  cells. 

The  smaller  grained  starches  may  al.so  be  counted  in  the  same 
manmu'. 

124.  The  methods  of  using  the  micro.scope  haying  been  briefly 
describ(‘d,  directions  for  its  use  for  .special  purposes  will  be  giyen  as 
occasion  arises.  For  fuller  de.scriptions  of  the  in.strument  itself,  its 
accessories  and  the  method  of  using  them,  the  student  is  referrial  to  oiu' 
of  the  many  excidlent  works  already  pulilished  on  the  subject. 

125.  PolarisatiOD  of  Light. — Tlu'reare  many  substances  which- 
exert  a  special  action  on  “  polari.sed  light,”  among  these  are  a  yariety  of 
crystalline  compounds,  and  certain  organised  bodies.  It  will  be  neces- 
■sary  .at  this  stage  to  give  a  short  description  of  the  nature  of  a  ray  of 
light,  and  the  way  in  which  its  character  may  b(‘  altensl  by  the  action 
of  these  substances  just  mentioned.  As  is  well  known,  light  trayels  in 
straight  lines  called  rays.  The  actual  motion  of  such  a  ray  of  light  is 
somewhat  like  to  that  of  a  sea-waye,  or  the  rijiples  produced  on  the 
smooth  surface  of  a  jamd  by  throwing  a  stone  therein.  In  waves,  the 
water  itself  does  not  moye  forward,  but  only  the  undulating  motion  of 
the  surface  ;  this  is  readily  seen  by  floating  a  cork  on  the  waiter  ;  each 
little  wave  in  its  passage  onward  simply  raises  and  dejiresses  the  cork, 
but  leaves  it  in  the  same  position  as  it  found  it.  Light,  then,  also  travels 
in  waves,  these  waves  being  undulations  in  a  substance  filling  all  space, 
and  known  by  the  name  of  “ether.”  The  waves  of  light  (litter  re¬ 
markably  in  one.  particular  from  those  on  the  surface  of  water;  the 
undulatory  motion  in  the  latter  is  simjily  up  and  down,  or,  to  use  tlu' 
sci('ntitic  term,  in  a  vertical  plane.  If  the  actual  movements  of  the 
(‘ther  in  a  ray  of  light  could  only  hi'  rendennl  visible,  a  much  more*  com 
plicat(‘d  motion  would  be  perceivi'd.  Just  as  in  the  case  of  the  waiter 
wave,  the  particles  w’ould  move  across,  or  transv(>rs(dy  to,  the  diivction 
of  the  [lath  of  the  ray.  Some  of  the  jiartich's  would  ri.s(‘  and  fall  like 
those  in  the  water  wave,  but  others  would  swing  from  side  to  side,  or 
horizonf ically  instead  of  vertically;  furtlun-  than  this,  others  again 
w'ould  vibrat(‘  at  ev'ery  internu'diate  angle,  'rids  condition  of  things  is 
ex{)res.s(‘d  in  the  statement  that  the  undulations  of  a  wavi'  of  light  are 
in  a  iilane  transverse  to  th('  jiath  of  the  ray,  and  that  thetdlun-  particles 
vibrat(‘  in  every  direction  in  that  jilane. 

For  our  pi-e.sent  purpose  it  will  be  sullicimit  to  i-egard  the  wave  of 
light  as  compo.sed  of  two  s(‘t.s  of  vibrations,  thi'  one  vertical  and  the 
other  horizontal,  and  therefore-  at  right  angles  to  (-ach  otlu'r;  the  inter¬ 
nu'diate  vibrations  may  Ix'  ignored.  The  characti'r  of  tlu'  undulations 
of  a  wave  of  light  is  not  greatly  alt('i'('d  by  passing  through  gla.ss,  water, 
and  many  otlu'r  bodies;  the  same  do('s  not,  however,  hold  good  with  all 
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transparent  substances — of  these  one  of  the  most  sti-ihinn'  is  a  mineral 
named  tourmaline.  Let  two  tliin  plates  be  cut  from  a  crystal  of  tliis 
sul)stance  in  a  certain  direction;  on  examination  each  is  seen  to  l)e 
fairly  transparent.  Let  one  be  placed  over  the  other,  and  then  slowly 
twisted  round.  In  one  particular  position  light  passes  through  them 
both  as  readily  as  through  either  taken  singly;  but  as  one  of  the  pair  is 
turned  round,  less  and  less  light  is  transmitted;  until,  when  it  has  been 
rotated  tlu'ough  an  angle  of  90  degrees,  no  light  whatever  passes.  As 
the  revolution  is  continued,  the  plates  allow  more  and  more  light  to 
pass;  until,  when  an  angle  of  180  degrees  has  been  reached,  the  combina¬ 
tion  of  two  plates  is  again  transparent.  A  further  revolution  of  90 
degrees  once  more  causes  opacity.  This  jaeculiar  effect  is  due  to  the 
fact  that  tourmaline  plates,  such  as  described,  permit  the  passage  through 
them  of  only  the  vibrations  of  light  in  one  plane,  so  that  the  ray  of 
light,  after  passing  through  the  tourmaline,  instead  of  having 
its  vibrations  in  all  directions  of  the  plane,  has  them  occurring 
in  one  direction  only ;  the  ray  may  then  be  compared  to  a 
water  wave.  Such  a  ray  of  light  is  said  to  be  “polarised,” 
and  the  change  effected  is  termed  the  “polarisation  of  light.” 


FIGURE  6. — I'OLAKISER  OF  MICROSCOPE  CONTAINING  NICOI.’s  PRISM. 

The  tourmaline  plate  may  be.  compared  to  a  sieve  composed  of  a  set 
of  wires  in  but  one  direction.  Using  this  similitude,  only  those  vibra¬ 
tions  which  are  in  the  same  direction  as  the  wires  of  the  sieve  succeed 
in  effecting  a  passage.  The  second  tourmaline  plate  being  .set  so  that 
its  wires  are  parallel  to  tho.se  of  the  first,  tlie  light  which  pa.s.sed  through 
the  one  succeeds  also  in  passing  through  the  other.  Hut  when  the 
.second  tourmaline  is  turned  at  right  angles  to  the  first,  then  the  light 
which  passed  through  the  one  is  cut  off  by  the  other,  and  .so  the  two 
together  refu.se  to  transmit  any  light  whatever. 

Persons  who  are  acquainted  with  the  bi'autiful  miiu'ral  known  as 
Iceland  spar,  know  that  when  a  singh;  dot  is  looktsl  at  througli  a  piece 
of  the  spar,  it  is  seen  double  ;  this  is  due  to  the  fact  that  the  sjiar  splits 
the  ray  of  light  into  two  distinct  rays;  further,  tlu;  light  of  each  of 
the.se  sub-rays  is  polarised  in  such  a  manner  that  the  plaiu'  of  polarisa¬ 
tion  (that  is,  the  directions  in  which  the  vibrations  occur)  of  the  one  ray 
is  at  right  angles  to  that  of  th(^  other.  When  jiieci's  of  Iceland  spar 
are  cut  and  re-joined  in  a  particular  manner,  they  transmit  the  one 
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only  of  these  two  rays,  tlie  other  heiiig  lost  by  internal  reflection  witliin 
the  crystal.  Such  pieces  of  spar  are  termed  “Nicol’s  prism.s,”  and  may 
be  used  for  the  same  purpose  as  the  tourmaline  plates ;  they  have  the 
great  advantage  of  Vjeing  composed  of  material  as  transparent  as  glass, 
while  the  tourmaline  is  usually  only  semi-transparent,  apart  from  its 
polarising  properties.  The  first  Nicol’s  prism  placed  in  the  path  of  a 
ray  of  light  is  termed  the  polariser,  because  it  effects  the  })olarisation  ; 
the  second  is  known  as  the  analyser,  because  it  enables  us  to  determine 
direction  of  the  plane  of  the  polarised  ray.  The  construction  (jf  the 
Nicol’s  prism  is  shown  in  Figure,  6,  which  is  an  illustration  of  the 
polariser  of  a  micro.scope.  The  left  hand  figure  is  an  e-Kternal  view  of 
the  polariser,  which  in  use  is  fitted  to  the  sub-stage.  A  section  is  given 
on  the  right  in  which  the  Nicol’s  prism  appears  very  clearly.  The  line 
joining  the  obtuse  angles  of  the  prism  is  that  where  the  crystal  has 
been  cut  and  re-cemented  together. 

Returning  again  to  the  similitude  of  the  sieves,  suppose  that,  wdth 
the  two  at  right  angles  to  each  other,  it  wei’e  possible  to  take  the  light 
after  it  had  passed  through  the  one,  and  was  thus  polarised,  and  twist 
or  rotate  its  plane  of  polarisation  through  an  angle  of  90°  before  it  came 
to  the  second,  it  would  evidently  then  be  able  to  pass  through  that  also. 
Certain  substances  possess  this  remarkable  projierty  ;  among  those  of 
immediate  interest  in  connection  with  the  present  subject  are  starch, 
sugar,  and  other  of  the  carbohydrates.  It  is  further  found  that  while 
some  compounds  twist  the  polarised  i-ay  to  the  right,  or  in  the  dii-ection 
of  the  hands  of  a  watch,  others  rotate  polarised  light  to  the  left.  If 
two  Nicol’s  prisms  were  so  arranged  as  to  give  absolute  darkness,  and 
then  a  plate  of  sugar  were  })laced  between  them,  light  would  be  trans¬ 
mitted.  If  the  analyser  were  next  turned  around  in  a  right-handed 
direction,  the  point  of  absolute  darkness  would  again  be  i-eached,  and 
then  by  measuring  the  angle  of  rotation,  the  number  of  degrees  through 
which  the  jdane  of  polarisation  of  light  had  been  rotated  by  the  sugar 
could  be  ascertained.  Instruments  are  constructed  for  tlu>  purpose  of 
making  this  measurement  witli  great  delicacy,  and  are  ternnal  “  polari- 
meters.”  The  exact  point  at  which  maximum  light  and  darkne.ss  is 
reached  during  the  rotation  of  the  analyser  cannot  be  observed  with 
great  accuracy  ;  recourse  is  therefore  had  to  observing  some  of  the  other 
characteristics  of  polarised  light  more  easily  detech'd  by  tin'  (we.  In 
the  analytic  section  of  this  work,  an  ex|)huiation  is  given  of  tin'  princi- 
])les  which  guide'  chemists  in  the  apj)licatiou  of  the  rotation  of  the  jdane 
of  tin'  jiolai-isation  of  light  by  sugar  and  other  bodies  to  their  ('stimation  ; 
a  jeractical  description  tln'ii  follows  of  one  of  the  Ix'st  forms  of  polari- 
meter  and  tin'  nu'thod  of  using  it.  For  microscojeic  pui-po.sc's  a  polariser 
is  litted  underneath  tin'  stage',  anel  an  analy.se'r  e'ither  within  the  beeely 
of  the'  tube;  or  ove'i'  the'  e've' pie'ce'.  Thee  eebje'ct  unele'r  e'xaminatiem  is 
thus  illuminateel  hy  peelarise'el  light.  Feer  further  infeermation  on  the 
])olarisatie»n  eef  light,  the  student  is  referre'el  to  (huiot’s,  or  senne  other 
standard  work  on  physics. 
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CHAPTER  V. 

CONSTITUENTS  OF  WHEAT  AND  FLOUR. 

JIINEHAL  AND  FATTY  MATTEHS. 

126.  Construction  of  Wheat  Grain. — Having  givini,^  a  brief 
outline  of  the  principles  and  theory  of  Chemistry,  in  so  far  as  tliey  are 
more,  or  less  connected  with  the  present  subject,  our  next  object  must 
be  to  describe  tlie  chemical  properties  of  the  different  compounds  found 
in  the  grain,  and  to  trace  them  out  in  the  histoiy  of  the  flour  and  offal. 
The  “Cereals,”  to  which  wheat  belongs,  is  the  name  given  to  the  grasses 
wliich  have  been  cultivated  for  use  as  food.  The  grain,  as  is  of  coui’se 
well  known,  is  the  seed  of  the  plant ;  although  not  strictly  chemical,  it 
will  be  well  to  give  here  a  short  descri})tion  of  its  various  parts.  The 
most  important  portion  of  the  seed  is  the  embryo  or  germ  ;  this,  wdiicli 
is  a  body  I’ich  in  fatty  matters,  is  that  part  of  the  seed  whicli  grows  into 
the  future  plant.  The  interior  of  tlie  seed  contains  a  (|uantity  of  starch 
and  other  compounds,  designed  for  tlie  nutrition  of  the  young  plant 
when  growing.  The  whole  is  enclosed  in  an  envelope,  made  up  princi¬ 
pally  of  woody  fibre,  and  arranged  in  a  series  of  coats,  one  outside  the 
other,  somewhat  like  those  of  an  onion,  only  on  a  much  finer  scale. 
During  the  process  of  milling,  the  grain  is  divideil  into  Hour  and  what 
is  technically  known  as  offal.  This  latter  substance,  or  group  of  sub¬ 
stances,  includes  the  germ,  bran,  pollard,  it'c.  The  bran  and  pollard  are 
the  different  skins  of  the  grain  broken  uji  into  fragments  of  various 
sizes.  This  department  of  the  subject  will  be  dealt  with  fully  in  a 
sub-sequent  part  of  the  work. 

127.  Constituents  of  Wheat. — A  lai’ge  number  of  chemical 
compounds  may  be  obtained  from  grain  :  these  naturally  divide  them¬ 
selves  into  ^Mineral  or  Inorganic  Constituents,  and  Organic  Constituents. 
'J'he  inoi'ganic  jiortions  of  wheat  consist  of  watiu' and  the  mineral  bodies 
found  in  the  ash.  The  organic  compounds  may  be  conveniently  grouped 
into— -fatty  matters,  starch,  and  allied  bodies  having  a  similar  chemical 
composition,  and  nitrogenous  bodies  or  proteids.  Of  these  substances 
the  fats  have  the  simplest  composition,  next  come  the  starchy  bodies, 
and  lastly,  the  2>i’oteids,  whose  constitution  is  c.xtremely  compltLX. 

128.  Mineral  Constituents.  The  lu-operties  of  water  are  already 
sulHciimtly  described  ;  the  actual  amount  present  in  grain  varii's  from 
aliout  10  to  15  per  cent.  In  sound  wheats  and  lloui’S  there  is  no  }>er- 
ceptible  dampness,  the  water  being  chemically  combined  with  the  starch. 
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wliioli  l)()(ly  prohahly  exists  in  <>;rain  as  a  liycliate.  The  other  luiiieral 
constituents  are  usually  ohtained  l)y  heating  the  powdered  gi'ain  to  faint 
I'edness  in  a  current  of  aii‘;  tlie  organic  Ijodies  hum  awav  and  Icsive  an 
ash  consisting  (jf  the  inorganic  suh.stances  present.  The  ash  of  wlu'at 
has  heen  made  the  subject  of  prolongcsl  inv^estigations  atul  research, 
conducted  principall}’,  however,  from  an  agricultural  })oint  of  view. 
Land  being  impovoi’ished  h}^  the  growth  of  crops,  the  constitution  of  the 
ash  of  wheaten  grain  and  straw  is  an  imlication  of  what  mineral  matters 
are  I'cunoved  from  tiie  soil  by  wheat  croj)s,  and  therefore  also  atibrds 
information  as  to  what  additions  have  to  be  made  to  an  exhausted  soil 
in  order  to  replenisli  its  necessary  mineral  components.  Lawes  and 
(lilbert  have  from  time  to  time  jiublished  elaborate'  tables  of  results 
obtaiiH'd  on  their  experimental  farm  at  Rothampsted  ;  the  following 
talde  is  abstracti'd  from  a  recent  communication  of  theirs  to  the  Chemical 
Society  (Chem.  Soc.  dour.  Vt)l.  XLV.,  page  dOb  et  seq.).  It  givu's  the 
composition  of  the  grain-ash  of  wheat,  grown  on  the  same  land,  in  four 
characteristic  seasons — 1S52,  IS.uG,  IH.bS,  and  ISGo;  the  land  being 
treated  with  farnnuirfl  manure  : — 


harvests 


AVeight  per  bushel  of  grain,  lbs. 

RKUCKST.^OH  CO.MI'OSITION  OF  ASIl. 

Iron<)xide,  Fe^tdj,  ... 

Lime,  Cat ),  . 

M  jii^nesia.  -MS-O,  . 

Potash,  KoO, 

Soda,  Na.^O,  ... 

Phosphoric  Aidiydride,  P.jtdj, 
Sulphuric  Aidiydi'ide,  SO3,  ... 
Chlorine,  Cl.j, 

Silica,  SiOo,  ... 

Total,  . 


1S52. 

1850. 

1S58. 

lS0:i. 

b8-L> 

bS-G 

G2-G 

g;m 

0-9b 

0-8() 

0-90 

0-43 

2-79 

2-b;l 

2-Gl 

2-34 

12-77 

11-71 

11-17 

11-41 

27-22 

29-27 

.41-87 

31 -7)4 

0-4b 

0-42 

0-28 

0-()G 

b4-G9 

b4-18 

bl  -88 

b2-04 

0-14 

0-2;? 

0-7b 

0-93 

t  race 

0-07 

O-OG 

trace 

0-99 

0-7b 

0-49 

0-Gb 

100-00 

100  02 

100-01  dOO-00 

1 

The  ash  constitutes  about  Lb  l)er  cent,  of  wheat,  and  about  04  pt-r 
cent,  of  tli(^  linished  Hour,  while  bran  yields  from  ti  to  7  per  cent,  of 
ash.  It  will  be  noticed  that  more  than  half  the  wheat  ash  consists  of 
anhydi'ous  pho.sj)horic  acid  ;  this  is  princij)ally  in  combination  with 
potash,  forming  potassium  phosphate'.  The  magnesia  is  also  ju'est'nt  as 
a  .sjilt  of  phosphoric  acid  The  gieater  pai't  of  wheat  ash,  theri'fon', 
consists  of  j)Otassium  phos])hat(',  and  is  soluble  in  watei'.  'I  lu'  ])hos- 
jihates  ari!  of  importane(‘  from  their  valiu'  as  articles  of  food;  whert' 
wheaten  Hour  or  bia'ad  is  almost  tlu^  soh'  articli'  of  iliet,  the  |•emoval  of 
the  phosphatt's  during  the  purilication  of  the  tiour  diminishi's  its  nutri¬ 
tive  valui'.  In  an  oi-diuary  mixc'd  dit't,  where  broad  is  sim]>ly  one  of 
sevi’ral  articles  consumed,  this  do(‘.s  not  apply,  as  sutlicient  phosphates 
are  always  jiresent  in  othei'  articles  of  food. 
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129.  Organic  Constituents  :  Fatty  Matters. — of  tlie  mune- 

vous  organic  bodies  found  in  wheat,  fat  has  not  l)een  chosen  as  the  first 
to  1)0  described  because  of  its  importance  as  a  <;rain  con.stituent,  but 
because  it  has  the  simplest  composition  of  tlie  ori^anic  bodies  ])i'esent, 
and  tlierefore  may  fitly  serve  as  an  introduction  to  tlie  chemistry  of  the 
more  comi)licated  compounds  to  follow.  All  grains  contain  more  or  le.ss 
fat  ;  rice  has  tlie  least  (piantity,  viz.  01  per  cent.;  maize  and  oats  have 
respectively  4'7  and  4’()  per  cent.  ;  wheat  occupies  a  medium  position 
with  a  percentage'  of  l-J  to  l  b.  The  fat  of  wheat  is  not  eejually  dis- 
.seminate'd  through  the  grain,  but  is  almost  entirely  contained  in  the 
germ  and  husk  or  bran.  An  analysis  by  Church  gives  the  cpiantity  of 
fat  in  “fine  wheat  flour”  as  O'S ;  it  is,  however,  doubtful  if  this 
analysis  were  made  since  the  time  when  the  ])roblem  of  degerming  flour 
has  received  so  much  attention  from  the  miller. 

It  has  been  already  exjilained  that  the  fats  arc*  salts  of  certain  acids, 
with  glycerin  as  a  base.  They  are  characterised  bj'  their  unctuous 
nature  and  by  leaving  a  greasy  stain  on  jiaper  or  linen.  Fats  are  in¬ 
soluble  in  water,  and  from  their  low  s])ecific  gravity  float  on  the  surface 
•of  that  liijuid.  On  the  other  hand,  all  fatty  bodies  dissolve  readily  in 
either  ether  or  light  jietroleum  spirit.  As  food  stuffs,  the  fats  occupy 
a  high  ])osition  ;  in  tables  giving  the  relative  nutritive  value  of  difierent 
articles  of  food,  fat  heads  the  list.  If  this  were  tlie  only  point  to  b() 
considered,  the  presence  of  fats  in  wheat  and  flour  would  be  highly 
advantagi'ous.  They  have,  unfortunately,  one  great  di’awback,  and  that 
is  that  they  become  rancid  on  standing.  This  effect  is  paiticularly 
noticeable  in  flour  imperfectly  freed  fi'om  germ.  The  rancidity  is  due 
to  slow  oxidation  of  certain  constituents  of  the  fat ;  this  change  may 
liroceed  sutHciently  far  to  seriously  affect  the  flavour  of  the  Hour,  with¬ 
out  the  fat  as  a  whole  being  very  greatly  changed.  The  fat  of  wheat 
is  of  a  light  yellow  colour,  melts  at  a  low  temperature,  and  gradually 
<lai'kens  in  colour  on  being  kept.  This  change  ju’oceeds  rapidly  in  the 
fat  when  maintained  at  a  temperature  of  70  or  80°  C. 

Konig  states  that  the  fat  of  rye,  a  grain  very  similar  to  wheat,  has 
the  following  composition  :  — 

(dycerin,  ...  ...  ...  l-HO  iier  cent. 

Oleic  acid,  ...  ...  ...  90-60  ,, 

Palmitic  and  stearic  acids,  ...  8-10  ,, 

According  to  Konig,  therefore,  the  fat  of  rye*  consists  largely  of  free 
fatty  acids,  tlu'  glycerin  present  being  insuHicient  to  iK'utralise  but  a 
.snudl  proportion  of  the  acids  pres(*nt. 

Recently,  Sti'llwaag  made  an  analysis  of  the  fat  of  barl(*y  as 
<‘xtracted  by  ether  with  the  following  i-esults  ; — 


Kret' fatty  acids. 

13(;-J 

Neuti-al  fats. 

77-78 

Lecithin, 

4-91 

Cholesterin,  ... 

6-08 

An  e.xamination  of  wheat  fat  has  i-eca'iitly  bs'en  made  in  the  authors 
laboratory,  the  r(*sults  of  which  ar(‘  as  follows;  A  samjile  of  perfectly 
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fresh  wlieat  .lierins  was  olitained  from  the  miller  and  extracted  re¬ 
peatedly  with  li^ht  petroleum  spirit  in  the  cold.  The  extract  was 
tiltered,  tlie  .spirit  distilled  off,  and  the  residue  heated  very  gently  until 
completely  free  from  the  odour  of  petroleum.  A  light  yellow  oil,  which 
in  twenty-four  hours  deposited  a  trace  of  crystalline  fat,  was  the  result. 
The  following  analytic  data  were  obtained  on  the  thoroughly  mixed  oil 
and  fat : — 

Free  fatty  acids,  ...  ...  .5-92  per  cent. 

Neutral  fats,  ...  ...  94-08  ,, 


100-00 

More  detailed  analysis  gave  the  following  results  : — 

Lower  fatty  acids  (reckoned  as  butyric),  0-11  per  cent. 

Higher  fatty  acids  (palmitic,  stearic,  itc.),  20-72  ,, 

Oleic  acid,  ...  ...  ...  .52-24  ,, 

Glycerin,  ...  ...  ...  26  93  ,, 

100-00 

The  fat  completely  saponified  very  readily,  and  yielded  nothing  to 
extraction  with  ether,  showing  the  absence  of  lecithin  and  cholesterin. 

EXPERIMENTAL  WORK. 

130.  The  student  who  proposes  to  master  for  himself  the  contents  of 
this  work,  should  endeavour  to  verify  as  many  as  possible  of  the 
various  statements  and  descriptions  by  direct  experiment.  The  follow¬ 
ing  outline  of  experimental  work  is  intended  as  a  laboi-atory  course  of 
study  on  the  subject. 

131.  Mineral  Constituents.— Take  a  small  (piantity  of  whole 
wheaten  meal,  heat  it  to  redness  over  a  bunsen  in  a  shallow  platinum 
capsule  or  basin.  At  first  the  volatile  constituents  of  the  grain  burn 
with  ffaiiK',  leaving  a  black  mass  of  carbon  and  asli.  Continue  the  ap-  , 
lication  of  heat  until  the  carbon  entirely  burns  away,  leaving  behind  a 
greyish  white  ash.  To  this,  when  cool,  add  watm-  ;  notice  that  most  of 
it  dissolves  ;  add  a  few  drojis  of  hydrochloric  acid,  filter  th(‘  solution, 
and  make  a  (|ualitative  analy.sis  of  it  ;  test  specially  for  calcium,  magne¬ 
sium,  jiotassium,  and  phosphoric  acid.  It  is  well  to  test  direct  for  these 
two  latti-r  constituents  in  separate  small  jiortions  of  ash.  'I'o  test  for 
potassium,  dissolvi^  up  a  portion  in  hydrochloric  acid,  iiltm-  and  add  a 
few  drops  of  platinum  chloi-ide  to  some  of  the  solution  in  a  watch-glass, 
the  pi-es(‘nce  of  potassium  is  demonstrated  by  tlu'  foi-mation  of  the 
yellow  ju-ecipitate  of  tln^  double  chloride  of  platinum  and  potassium. 
Dis.solve  anothm-  portion  of  the  ash  in  nitric  acid,  filter  and  add  nitric 
acid  and  ammonium  molybdate  solution  ;  aftiu-  standing  foi-  sonu*  tiuu' 
in  a  warm  place,  j)lmsj)hoi-ic  acid  thi'ows  down  a  canary -yellow  prc'ci- 
pitate. 

132.  Fat.  In  a  t  ightly  corki-d  or  sto])pered  bottle,  shake  up  together 
.Some  wheat  meal  and  ethei-  (or  light  peti-oh'um  spirit),  allow  tlu-  mix- 
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turo  to  stand  for  an  lumr,  givinff  it  an  occasional  sliakc  int'anwhile. 
At  tlie  end  of  that  time  filter  the  solutioTi  through  a  paper  into  a  clean 
evaporating  basin  and  allow  it  to  spontaneously  evaporate.  Notice 
that  it  leaves  a  small  (piantity  of  fat  in  the  basin.  Remember  that  the 
greatest  care  must  b('  taken  in  all  experiments  with  ether  to  avoid  its 
taking  tire.  It  is  best  to  make  this  experiment  in  a  room  where  there 
are  no  lights. 
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CHAPTER  YJ. 


THE  CARBOIIYDUATES. 


133.  Definition  of  “Carbohydrates.”  — Tlii.s  name  lias  been 
applied  to  a  class  of  bodies  composed  of  carbon,  hydrogen,  and  oxygen, 
in  which  the  latter  two  elements  are  present  in  the  .same  proportion  as 
in  water,  namely,  two  atoms  of  hydrogen  for  eveiy  one  of  oxygen. 
Thu.s,  for  example,  starch  contains  to  the  six  atoms  of  carbon,  ten  atoms 
of  hydrogen  to  fiv'e  atoms  of  oxygen.  The  carbohydrates  comprise, 
among  their  number,  bodies  differing  considerably  in  physical  appear¬ 
ance  and  character,  but  yet  exhibiting  signs  of  close  chemical  relation¬ 
ship.  (Subjoined  is  a  talile  of  the  more  important  carbohydrates, 
arranged  into  three  groups,  according  to  their  enniirical  or  simplest 
possible  formula; : — 


CLASSIFICATION  OF  CAliliOH YDKATKS. 


1.  Aiiiyloses. 

!2.  Sueroses  or  Saccharoses, 

(C..dl., 

3.  (Jlucoses, 
(C,dLA)„). 

-1-  Starch 
-i-  Dextrin 

Cttllulose 

Oums 

+  Cane  Sugar 

4-  Lacto.se 
+  IMiiltose 

4-  Dextrose 
—  Lie  villose 
+  (hilactose 

134.  Constitution  of  Carbohydrates. — In  constitution  these 
bodies  must  be  viewed  as  derivatives  of  the  hexatomic  alcohol,  mannite. 
The  glucoses  arc*  the  aldehydes  of  mannite,  containing^  the  aldehyde 
group,  COH,  as  jiart  of  their  rational  formula,  and  may  be  formed  by 
procicsses  of  modi'rate  oxidation  from  that  alcohol  :  — 


('CILHO 

CHHO 

cmio 


(Tl.dTO 

CHHO 

CMHO 


(^1]  1  f  I ( )  or  C„I  l(,(110),.  -t-  O  —  -  Q I [  j  Jo  or  Cyl  li./),,  i  1 1.^0. 


Cll  IK) 
CU.dlO 


Mannite. 


Oxygen. 


CHHO 

COH 

Ohiensp. 


\V  ater. 


In  their  c.apacity  for  further  oxidation,  and  otlu'r  chemiciil  ju-ojierties, 
the  glucoses  (‘vince  the  general  char!ut(*ristic.s  of  .aldehydes 

'J'he  sucrost's  m.ay  be  vit;wt;d,  as  formt'd  by  tlu;  union  of  two  molecuh'S 
of  gluco.se,  with  (la;  elimimition  of  a  molecuh*  of  water  ;  while  the 
iimyloses  corresjiond  with  the  aidiydrides  of  glucose:  - 
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2C,H,A 

- 

H.,t) 

(ilueose. 

Water. 

Sucrose. 

— 

= 

Call,  A- 

Glucose. 

Water. 

A  inyltKse. 

Lookiiii;  on  sucrose  and  ainylose  as  I'csiilting  from  deliydi'ation  of  tlie 
glucose  molecule,  it  should  he  noticed  that  sucrose  occU2)ies  the  inter¬ 
mediate  ])osition  between  glucose  and  amylose. 

Brown  and  iMorris  in  1888  and  1889  contributed  to  the  Clienhcal 
►Society's  Journal  im^iortant  j^apers  on  the  Molecular  ^Veights  of  the 
Carbohydrates.  Tiieir  researches  were  based  on  Raoult’s  inve.stigations 
on  the  lt)wering  of  the  freezing  ])oint  of  a  solvent  by  the  solution  in  it 
of  any  substance.  (Thus,  salt  water  freezes  at  a  lower  temj)erature 
than  ])ure  water.)  llaoult  frmnd  that  ('(juivalent  molecular  2)roi)ortions 
of  diflerent  comjiounds  ('arise  under  the  same  conditions  a  similar 
depression  of  the  freezing  jioint  of  the  solvent.  This  otl'ers  a  valuable 
means  of  determining  molecular  weight,  as,  knowing  that  of  one  body 
dis.solved,  that  of  othei's  may  be  determined.  Brown  and  iMori'is  a}r2)lied 
this  method  to  the  investigation  of  the  carbohydrates. 

MOLECULAR  CONSTITUTION'  OF  CARBOHYDRATES. 


Si  IISTANCK. 

Formula  ,jf  Molecule. 

-Molecular 

Weight. 

De.xtrose, 

CV,H,A 

180 

Cane  Sugar, 

C,Ae/)n 

3-12 

Cane  Sugar,  same  solution  ajier  1 
inversicai^  ...  ...  | 

C„H,A 

180 

Maltose, 

C..A>On 

342 

Lactose,  IMilk  Sugar,  ... 

C.AeeO,, 

342 

Arabinose, 

cA.oO.s 

150 

Kathnose, 

Cj^H.pO,,;,  r)H„0 

594 

INIannite  or  IMannitol,  ... 

C„H,(H())„ 

182 

Calactose,''^ 

CsH,,0., 

180 

INIaltodextrin,  ... 

Amylodextrin,  ... 

Lowest  or  Stable  Dexti  in,^ 

/  C„H,/)„ 

1  (C,2H.,oO„)., 

i  C„Hi-Cn 

20C.JI.y),„ 

I  990 

1  22S() 

G480 

Soluble  Starch,... 

o(C|._,kf._,||(  liid^ii 

32,400 

1.  Cane  .Su<rar  after  inversion  i.s  split  up  into  de.xtrose  and  lievidose,  and  dextrose 
having  a  molecular  weight  of  ISO,  so  must  hevulose.  and  be  represented  by  the  formula, 
0,11. 

2.  (ialacto.se  is  the  “dextrose”  of  Lactose. 

3.  The  molecidar  weight,  not  only  of  the  lowest  or  stable  dextrin,  is  represented 
by  tlie  formula  (0, 1 1, but  so  also  are  those  of  the  so-called  higher  dextrins, 
of  which  Itrown  and  iMorris  examined  a  series.  'J'hey  find  that  “  the  numbers  obtained 
with  dextrins  occupying  very  different  jiositions  in  the  series  are  strikingly  identical.” 

The  above*  table  contains  the  I'csults  of  their  dctcrminal ions,  which 
molecular  weights,  with  the  oxceiition  of  that  of  starch,  wcie  obtained  by 
direct  estimations.  In  this  latt(‘rcase  the  direct  nu'thod  was  inapplicable, 
and,  accordingly,  I'ccourse  was  had  to  an  indirect  method,  based  on  tin* 
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genonilly  accepted  hvjiotliesis  tliat  tlie  starcli  molecule  must  be  at  least 
five  times  the  size  of  the  dextrin  moku-ule  produced  under  certain 
conditions.  iNFannite  or  mannitol,  havin*'  such  an  intimate  relationshij) 
in  constitution  to  the  carbohydrates,  is  also  included  in  the  table. 

CELLULOSE, 

135.  Occurrence  and  Physical  Properties. —This  body,  of 

which  there  are  numerous  physical  modifications,  constitutes  the  fi'ame- 
work  or  skeleton  of  vegetable  organisms,  in  which  it  acts  as  a  sort  of 
connective  tissue,  binding  and  holding  together  the  various  parts  and 
organs  of  jdants.  Woody  fibre  consists  largely  of  cellulose  and  one  or 
two  closely  allied  substances. 

The  pith  of  certain  ])lants  and  also  the  horny  part  of  certain  seeds, 
as  “  veg(>table  ivory,”  are  nearly  pure  cellulose.  INIanufactured  vege¬ 
table  falirics,  as  cotton  and  linen  goods,  and  likewise  unsized  paper,  are 
also  cellulose  in  an  almost  jjure  form.  Chemically  pure  8we(lish  filters 
consist  of  cellulose  with  only  the  most  minute  traces  of  other  bodies. 

Pure  cellulose  is  white,  translucent,  of  specific  gravity  of  about  1'5, 
and  is  insoluble  in  water,  alcohol,  ether,  and  both  fixed  and  volatile  oil.s. 
An  ammoniacal  solution  of  copper  hydrate  dissolves  cellulose  completely  ; 
this  reagent  may  be  jtrepared  by  precipitating  copper-  Inxlrate  from  the 
sulphate,  by  sodium  hydrate,  and  then  dissolving  the  thoroughly  washed 
precipitate  in  strong  ammonia.  This  solution  dissolves  cotton  wool,  or 
thin  filtering  paper,  forming  a  siru]>y  solution  ;  on  the  addition  of  slight 
excess  of  hydrochloric  acid,  the  cellulose  is  precipitated  in  flaky  masses  ; 
these,  on  being  washed  and  dried,  produce  a  brittle  horny  mass.  This 
re-precij)itated  cellulose  is  not  colourial  blue  by  iodine,  and  still  presents 
the  .same  chemical  properties  as  ordinary  cellulose. 

136.  Behaviour  with  Chemical  Reagents. — Cellulose,  on 
being  boiled  with  water  under  pre.ssure,  is  converted  into  a  body  bear¬ 
ing  .some  resemblance  to  dissolved  starch,  inasmuch  as  it  is  coloured  blue 
by  iodine.  The  same  effect  is  ]iroduced  mure  rapid  1}' by  treatment  with 
acids.  Poiling  with  dilute  suljihuric  or  nitric  acid,  or  .strong  hydro¬ 
chloric  acid,  bri'aks  up  cellulose  into  a  flocculent  mass,  but  without  any 
change  in  composition.  Treatment  with  stronger  nitric  acid  changes 
cellulose  into  nitro-substitution  products  called  gun  cottons  or  jyroxylin  ; 
while  that  acid,  in  a  yet  more  concentrated  form,  oxidises  cellulose  to 
oxalic  acid.  lly  the  action  of  strong  sulphuric  acid,  cellulose  is  con¬ 
verted  into  (h'xtrin.  Concentrati'd  solutions  of  potash  or  soda  also  dis¬ 
solve  cellulose,  with  tin*  formation  ajiiiarently  of  the  same  c-ompound. 
Sulphuric  acid,  diluted  with  aliout  half  or  (piartm- its  bulk  of  water,  has 
a  most  remarkable  action  on  unsized  paixu-.  dlu'  jiaper  on  being  dipjied 
in  the  acid  for  a  few  .seconds,  and  then  wasluxl  with  weak  ammonia,  is 
found  to  be  changed  into  a  tough  parclimmit-like  matmial,  which  may 
be  used  for  many  of  th(‘  purposes  to  which  animal  parchment  is  applied. 
This  body  is  familiar  to  confectioners,  as  In'ing  sold  undm-  the  name  of 
parchment  jiaper  for  tying  down  j>ots  containing  jam  and  other  sub¬ 
stance's.  Kilter  papers,  on  being  momentarily  immersed  in  nitric  acid 
of  density  112,  are  n'lnarkably  toughened,  the  i>ro(luct  being  still 
pervious  to  liipiids  and  therc'fore  suitable  for  liltering  purposes.  Such 
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papers  are  recommended  for  lilterini'  bodii's  tliat  liave  to  be  l  emoved 
from  tlie  paper  while  wet,  ami  are  ]iow  sold  commercially  for  that 
purpose. 

137.  Existence  in  Wheat.-  -There  ai'e  thi'ee  forms  of  cellulose 
present  in  wheat,  of  which  the  followin'^  is  a  brief  description  ; — 

1.  The  lit^nified  or  woody  cellulose  of  the  bran,  which  is  entirely  re¬ 
moved  in  the  process  of  making  white  Hour.  In  whole-meal,  which 
contains  the  bran,  the  lignitied  cellulose  undergoes  no  change  in  the 
operations  of  bread-making,  nor  afterwards  during  the  proces.ses  of 
human  digestion. 

2.  The  ])arenchymatous  cellulose,  which  forms  the  cell-walls  of  the 
endospei'in.  This  disappears  during  germination  of  the  grain,  and  is 
far  more  easily  dissolved  by  all  reagents  than  is  lignose  or  woody 
cellulose. 

3.  So-called  starch  cellulose  constitutes  the  envelopes  or  cellulose- 
skeleton  of  the  starch  cells.  It  is  this  form  w'hich  is  most  readily  con¬ 
verted  into  tlie  starch-like  bod}',  giving  a  blue  colouration  with  iodine. 


138.  CompositiOD. — The  foj’mula,  Cyllj^Oj,  is  the  simplest  that 
can  be  derived  from  the  percentage  compo.sition  of  cellulose,  but  there 
is  little  doubt  that  the  molecule  really  consists  of  a  number  of  groups 
of  unit(al  together,  and  is  at  least  as  complex  as  that  of  starch. 


(Cj2H2oO,o)20 
STARCH,  -  (C,2H,,oOio)2o 

I  (^'121120^-^10)20 

139.  Occurrence. — The  starchy  matters  of  wheat  are  of  vast  im¬ 
portance  as  constituting  the  greatest  portion  of  the  whole  seed.  Starch 
is  not  only  found  in  wheat,  but  also  in  other  seeds  ;  and  in  fact  in  most 
if  not  all  vegetable  substances  used  as  food.  From  whatever  source 
obtained,  starch  has  tlx*  same  chemical  composition,  but  varies  some¬ 
what  in  2'hysical  character. 


140.  Physical  Character. — Starch,  Avhen  pui'e,  is  a  glistening, 
white,  inodorous  gi-anular  jiowdei’.  If  a  jiinch  be  taken  and  squeezed 
between  the  thumb  ami  hngiu-,  a  jieculiar  “  crunching  ’’  (crepitating) 
sound  is  heard.  Starch  has  a  specific  gravity  of  from  I'oo  to  FGO. 
Starch  is  e.xtremely  hygi-oscopic,  absorbing  moisture  with  avidity  ;  in 
the  foi-m  in  which  it  is  usually  sold  it  contains  about  18  per  cent,  of 
water.  Wheat  sta.rch  ;ifter  drying  in  a  vacuum  still  retains  .about  11 
jier  cent,  of  water.  Heating  in  a  curientof  dry  air  to  a  tenqierature  of 
110°  C.  rendei's  it  jiractically  anhydrous. 

141.  Microscopic  Appearance.  -  The  microscojK'  shows  staich 
to  be  comj)osed  of  minutt*  gi'ains,  each  having  a  widl  dchined  structui’e. 
Hiese  grains  are  resj)(*ctiv(d  v  tei'ined  starch  cells,  granuh's,  or  corjuiscles. 
Careful  examination  reveals  that  each  cell  consists  of  an  outer  coating 
or  pcdlicle  formed  of  a  V('ry  delie.ate  tvpe  of  c(“llulose,  to  which  the  name 
“  starch  cellulose  ”  is  a2)plied.  'I’his  (mvelojK!  is  built  up  of  several  hu’ers, 
ai-rang(*d  concentrically  one  over  the  other,  and  contains  within  its 
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iiite’rior  a  sulistaiice  wliicli  may  Ge  called  starch  pi'0])er,  in  distinction 
from  the  enclosinif  mattei'.  This  starch  propel'  is  also  termed  “  starch 
granulose  ”  or  “  amylose.”  On  cai'eful  examination  these  separate*  coats 
ajipear  as  a  series  of  more  or  less  concentric  rings,  having  for  a  nucleus 
a  dark  spot  oi'  cross,  termed  the  “  hilum.”  The  actual  size  and  shape 
of  starch  cells  v  aries  with  the  source  from  which  the  starch  is  derived  ; 
thus  the  grains  of  starch  from  potatoes  are  comparatively  large,  while 
those  of  rice  arc*  c'xtremely  minute*.  When  examined  by  polarised  light 
certain  starches  exhibit  characteristic  app(*arances  -these  are  referred 
to  in  detail  in  the  table  following.  A  description  of  the  phenomena  of 
polari.sation  is  given  in  chaptei'  IV.  It  is  possible  in  many  instances  to 
determine  the  origin  of  a  sample  of  starch  liy  its  ndcroscoiiic  charact(*r- 
istics  ;  it  follows  that  impurities  may  similarly  be  detected  ;  also,  as  all 
vegetable  adulterants  of  Hour  contain  starch,  admixture  of  other  grains, 
as  maize,  I'ice,  tire.,  is  iii  this  mannei'  revealed. 

In  Plate  I.  is  given  the  aj)pc*arance  of  the  more  important  starches 
as  seen  under  the  microscope. 

MICROSCOPIC  CHARACTERS  OP  VARIOUS  STARCHES. 

142.  Wheat.  Wheat  starch  is  extremely  variable  in  size,  the  dia¬ 
meter  of  the  coi'puscles  being  from  0'0022  to  O'Oh’i  m.m.  (0.00009  to 
O'OOIO  inch).  i\Iany  observers  point  out  that  medium  sized  granules 
arc*  comparatively  absent.  The  grains  are  circular  or  nearly  so,  bc*ing 
at  times  .somewhat  llattened.  The  concentric  rings  are  only  .sc*en  with 
difficulty  ;  the  hilum  is  not  so  visible  as  in  certain  other  starches. 
Polarisc*cl  light  shows  a  faint  cross.  In  old  samplc*s  of  whc'at  or  Hour 
the  granules  show  cracks  and  fissures  :  this  applies  more  or  less  to  all 
.starches. 

143.  Barley.  —  Granules  more  uniform  in  size  than  tho.se*  of  whc'at, 
also  somewhat  smallc*r  ;  average  cliamc*tc*r  O'OlSb  m.m.  (O'0007-l  inch)  ; 
a  few  excc'ptionally  large  granule's  may  be  found  mc*asui  ing  as  much  as 
0'07  m.m.  .Shape,  slightl}’  angular  circles.  Concentric  rings  and 
hilum  either  invisible  or  only  sc‘C*n  with  clithculty. 

144.  Rve.  Diameter  of  granules  from  0'0022  to  0'0.’17r)  m.m. 
(O'UOOOh  to  O'OUIIS  inch).  'I’aking  a  whole  held,  the  average*  size  of 
griinulcis  is  usually  somewhat  higher  tlnin  those  of  wheeit.  .Slnipe*,  gran- 
ide*s  are*  almost  ]ierfe*ctly  round,  here  and  thei'e  show  cracks.  Con¬ 
centric  rings  iinel  hilum  oidy  se*en  with  elitliculty. 

145.  Oats.  l)i;une*te*r  of  gramdes,  O'OUII  to  O'Oh  m.m.  (0'00017 
te)  O'OUl  IS  inch).  Gi'anules  are*  angular  in  eeutline,  varying  fremi  thre-e* 
to  six  side*el. 

146.  Maize.  Dijuneter  of  granules,  average*  size*,  O'OlSS  m.m. 
(0'0007  I  inch).  .Shajee*,  from  rounel  te)  ])olyhe'dral,  me)stly  e'hingateel 
henxagons,  with  angle's  meere  e)r  le*s.s  rouneh'd.  Ce)nce*ntric  I'ings  scarcely 
visible*,  hilum  star  shiipe'd. 

14'7.  Rice.  Diame'tci'  eif  granule's  from  O'OOoO  te)  O'Otbt!  m.m. 
(O'OUU'J  to  O'UOO.'l  inch).  Gramde's  are  i)e)ly,gonal  in  sha|)e',  me)stly 
e'ithcr  h\'e  or  six-sieh'el,  but  occasionally  thre'e'-sieh'el.  .\i'e'  usually 
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seen  in  cliistiM-s  of  several  joinecl  togetiier.  A  very  liigli  iiiagiiifying 
power  sliows  a  starred  liiliuii. 

148.  Potatoes.  -  Idainetei-  of  granules  from  O'OG  to  OdO  111.711. 
(0-00:.’4  to  O-OO-’l!)  incli).  The  granules  vary  greatly  in  sliaju'  and  size  ; 
the  smaller  ones  are  frequently  circular;  the  larger  grains  are  mussel 
tir  oyster  shaped.  The  hilum  is  annular,  and  the  concentric  rings 
incomplete,  hut,  especially  in  the  larger  granules,  clear  and  distinct. 
The  rings  are  distrihutecl  round  the  hilum  in  very  much  the  same  way 
as  the  markings  show  on  the  outside  of  a  mu.ssel  shell.  With  polarised 
light  a  very  distinct  dark  cross  is  seen,  the  centre  of  which  pas.ses 
through  the  hilum. 

149.  Oanna  Arrowroot,  or  Tous  les  mois. — Diameter  of 
granules  varies  from  0’04G9  to  0‘1.3’2  m.m.  (O’OOlS  to  O'OOo'I  inch). 
The  shapes  ditl'er  considerably,  from  round  to  more  or  less  elongated 
ovals.  The  hilum  is  eccentric  ;  the  rings  are  incoiii})lete,  e.xtrcmely 
tine,  narrow  and  regular.  Under  polarised  light  a  more  distinct  cross 
is  .seen  than  with  the  potatoes. 

150.  Preparation  and  Manufacture  of  Starch. — For  ex¬ 
perimental  2:)urposes,  starch  can  readily  he  obtained  from  wheaten  flour 
by  first  preparing  a  small  quantity  of  dough  ;  this  is  then  wrapped  up 
in  a  piece  of  fine  muslin,  or  bolting  silk,  and  kneaded  between  the  fingers 
in  a  basin  of  water.  The  milky  fluid  thus  produced  deposits  a  white 
layer  of  starch  on  the  bottom  of  the  ves.sel,  wliicli  may  he  carefully 
air-dried.  The  starch  of  barley  and  the  other  cereals  may  be  obtained 
in  a  sulHciently  pure  form  for  microscopic  study  in  the  same  manner. 
Potatoes  require  to  be  first  scraped,  or  rubbed  through  a  grater,  into  a 
pulp  ;  this  pulp  must  then  be  enclosed  in  the  muslin  and  the  starch 
washed  out. 

On  the  manufacturing  scale,  starch  is  obtained  from  wheat  and  other 
grains  by  first  coarsely  grinding  and  then  moistening  the  meal  with 
water.  This  is  allowed  to  stand,  and  after  three  or  four  days  fermenta¬ 
tion  sets  in,  more  water  is  then  added  and  the  jiutn'factive  fermentation 
allowed  to  proceed  for  some  three  or  four  weeks.  I5y  the  end  of  this 
time  the  giutten  and  other  nitrogenous  matters  are  dis.solved.  They 
are  then  ri'adily  separated  from  the  starch  by  washing,  aft(>r  which  the 
starch  is  dried.  Starch  is  now  largely  manufactured  from  rice  by  a 
process  in  which  the  grain  is  subjected  to  the  action  of  very  diluti' 
caustic  .soda,  containing  about  G-3  per  cent,  of  the  alkali;  this  reagent 
dissolves  the  nitrogenous  bodies  and  leaves  the  .starch  unalt(‘red.  Th(> 
so-called  “corn  (lour”  is  the  starch  of  maize  prejiared  after  the  same 
fashion.  Potato  .starch  is  obtained  by  first  rasping  the  washed  potatoes 
into  a  imlp  by  machinery;  the  pulp  is  n(>xt  washed  in  a  sieve,  the  starch 
is  carried  through  by  the  watm-,  and  after  bi'ing  allowed  to  subside  is 
dried  on  a  tile  lloor  at  a  gentle  heat. 

151.  Gelatinisation  of  Starch.  — Starch  is  insoluble  in  cold 
water,  and  cannot  be  dis.solved  by  any  known  liipiid  without  change; 
this  follows  from  its  having  a  deliniti'  organic  structure  ;  w  hen  this  is 
destroyed,  as  must  of  necessity  lie  tlu*  case  whenever  a  solid  is  rendered 


78 


THE  SCIENCE  AND  ART  OF  IJREAD-MAKIN<;. 


liquid,  it  cannot  by  any  artiticial  means  be  again  built  up  in  tlie  same 
form. 

As  previously  stated,  the  starch  granules  consist  of  an  outer  envelope 
of  cellulose,  enclosing  what  is  tei-med  “amylose,”  or  starch  proper. 
This  latter  body  is  soluble,  and  altliough  ])ure  starch  in  the  granular 
form  yields  no  soluble  substance  to  water,  yet  if  the  cellulo.se  envelopes 
be  ruptured  by  mechanical  means,  it  is  then  found  that  on  treatment 
with  water  at  ordinary  temperatures  a  soluble  extract  is  obtained. 
When,  however,  starch  is  subjected  to  the  action  of  boiling  water  a 
marked  change  ensues  :  under  the  iniluence  of  heat  the  little  jiarticles 
ill  the  intei'ior,  by  swelling,  burst  the  containing  envelope,  and  dis¬ 
solving  in  the  water  form  a  thick  and  viscous  liquid,  which  on  cooling, 
if  sulliciently  concenti'ated,  solidities  into  a  gelatinous  mass.  This 
solution  of  starch  is  somewhat  cloudy,  owing  to  the  undissolved  particles 
of  starch  cellulose  remaining  in  suspension.  These  may  be,  in  great 
j)art,  removed  by  tiltration. 

This  bursting  of  the  starch  granules  is  frequently  .spoken  of  as  the 
“  gelatinisation”  of  starch,  and  the  resulting  substance  as  “  starch-})aste.” 
The  temperature  at  which  this  change  occurs  varies  with  the  nature 
and  origin  of  the  starch. 

The  following  table  gives  particulars  as  to  the  gelatinising  tempera¬ 
tures  of  starch  from  dilferent  sources.  The  tigures  to  the  left  are  those 
of  Lippman,  while  to  the  right  are  given  the  results  of  a  series  of  later 
determinations  made  by  Lintner,  and  published  in  1889.  It  may  be 
taken  that  Lintner’s  temperatures  are  for  complete  gelatinisation. 


TEMPERATURE  OF  O F.L.VTl NRSATION  OF  STARCH. 


SOUllCE  OF  STAItCU. 
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Swollen. 

(iHLATIMSATION. 

(,'onii)lete 

Gelatinisation, 

Lintner. 
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Coniijleted. 

°C.  ;  °F. 
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°F. 

°c. 

°¥. 

°c. 
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Maize, 
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.9 .9  0 

1.91 
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79 
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50-0 
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.99-0 
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80 
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J*otato, 

4(1-1  1  1  lo-O 

;98-;? 

197 

G2-2 

144 

(1.9 

149 

Rice, 

.9;b8,  129  0 

98 -d 

197 

G2-2 

144 

80 

1 7  6 

Wheat, 

.90-0  i  122  0 

G.9() 

149 

G7-2 

199 

80 

176 

(Ireen  Malt, 

.  .  . 

S.9 

189 

Kilned  Malt, 

80 

176 

( tat. 

.  .  . 

89 

189 

'J'hese  tenq»(‘raturcs  of  gelatinisation  assume  that  the  walls  of  the 
starch  containing  cells  have  b(‘cn  bi'oken  down,  and  that  cxci'ss  of  water 
is  present;  otherwise  the  tcunperature  of  gelatini.sation  is  considerably 
higher:  tlius,  in  still'  biscuit  doughs,  and  even  in  bread,  much  of  the 
starch  remains  ungelatinised  (‘ven  after  bi'ing  baked. 

There  is  doubt  as  to  wlabher  or  not  gelatinised  starch  is  in  a  state 
of  true  solution.  When  tiltered,  the  clear  liltrate  gives  a  bhu'  coloura- 
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tion  \vitli  iodine  (a  cliaracteristic  reaction  of  Ktarcli),  l)ut  on  dialysis 
throuffh  an  animal  or  vejj;etal)le  ineinbrane,  or  even  filtration  through 
porous  earthenware,  the  starch  is  removed.  This  has  led  to  the  view 
that  the  starch  in  starch  paste  is  simply  in  a  state  of  e.xtreniely  line 
division,  but  more  probably  the  .state  is  one  of  true  solution,  and  the 
removal  by  iiltration  is  due  to  the  highly  colloid  nature  of  starch. 

152.  Soluble  Starcb.  — On  treating  starch  with  dilute  acids  in 
the  cold,  the  starch  loses  its  ])ower  of  gelatinisation,  and  becomes  what 
is  known  as  “  soluble  starch.”  In  this  form  no  change  of  appearance 
is  observed  in  the  granules,  but  the  .starch  readily  dissolves  in  hot  water 
to  a  clear  limpid  licjuid.  Lintner  directs  soluljle  starch  to  be  prepared 
in  the  following  manner  : — Pure  potato  starch  of  commerce  is  taken  and 
mi.ved  with  a  sufficient  (juantity  of  7 '5  per  cent.  h3alrochloric  acid  to 
cover  it,  and  allowed  to  stand  either  at  ordinary  temperatures  for  seven 
days,  or  for  three  days  at  40°  C.  By  that  time  the  starch  will  have 
lost  the  power  of  gelatinisation,  and  is  rej)eatedly  washed  with  cold  water 
until  every  trace  of  acid  is  removed.  It  is  then  air-dried,  and  is  readily 
and  completely  soluble  in  hot  water  to  a  bright  and  limpid  solution. 

Soluble  starch  is  probably  a  polymei'ide  of  ordinaiy  starch,  and  when 
dissolved,  then  known  as  “starch  solution,”  closel}'  resembles  “starch- 
paste  ”  in  its  chemical  behaviour. 

153.  Action  of  Caustic  Alkalies  on  Starcb. — Treatment 

with  cold  dilute  solutions  of  potash  or  soda  causes  starch  granules  to 
swell  enormously  ;  the  volume  of  starch  grains  may  thus  be  made  to 
increase  ll'5-fold.  This  reaction  also  serves  for  the  differentiation  of 
the  various  starches.  II.  Symons  recommends  the  use  of  soda  solutions 
of  different  strengths  :  a  small  (juantity  of  the  starch  is  shaken  up  in  a 
test-tube  for  ten  minutes  with  one  (jf  the  soda  solutions,  and  then  a  drop 
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154.  Action  of  Zinc  Chloride.  Treatment  with  zinc  chloride 
also  caiLses  a  I'cmarkable  swelling  of  the  graindes  of  starch  ;  this  re- 
acti(m,  when  viewed  under  tla^  microscope,  scu'ves  admirably  to  show  the 
sti’ucture  of  the  coi’puscles.  Some  concentrated  solution  of  zinc  chloride 
is  tinged  with  a  trac(j  of  frca;  iodiiu'.  A  few  grains  of  th('  starch  an; 
])laced  on  a  glass  slide,  tcjgether  with  a  small  droji  of  this  s(}lution.  No 
change  is  observed  until  a  little;  water  is  also  added.  They  then  assume 
a  deep  blue  tint,  caused  by  the  iodine,  as  e.xplained  in  a  subseejuent 
paragrajih,  and  gi-adually  exjeand  A  frill-like  margin  (Uevelopes  round 
the  granule,  the  foldings  of  this  frill  ojxm  out  in  theii'  turn,  until  tin; 
granules  at  last  swell  uj(  t(j  some  twenty  or  thirty  tinujs  the;  original 
volume,  and  then  apjeear  as  limj)  looking  sacs.  These  changes,  so  far 
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as  can  be  .s(>ei),  aie  not  accompanied  by  any  expulsion  of  the  inner 
contents  of  the  cell. 

155.  Properties  of  Starch  in  Solution.  A  solution  of  starch 
is  coloui'less,  odourless,  tasteless,  and  perfectly  neutral  to  litmus. 
•Stai'cli  is  a  liigldy  colloid  b(«ly,  and  can  be  readily  se])arated  by  dialysis 
from  crystalline,  sulistances.  bln  (‘vaporatin^;'  a  solution  of  starch,  it 
does  not  recover  its  original  insolubility.  8tarch  solution  causes  right 
handed  rotation  of  jxjlaristsl  light.  Starch  aTiiylose  is  insoluble  in 
alcohol,  and  may  be  entirely  ju’ccipitated  from  its  afjueous  solution  by 
the  addition  of  alcohol  in  sutlicient  (piantity.  Tannin  precipitates  both 
starch-paste  and  soluble  starch,  the  precipitate  being  re-dissolved  on 
heating.  JJarium  hydrate  gives  an  insoluble  compound  with  solution 
of  starch,  and  is  used  in  this  way  in  some  processes  of  starch 
estimation. 

Soluble  starch,  owing  t(j  the  formation  of  a  hydriodide  of  starch, 
(CbjHjutb,)!  IjHI,  is  coloured  an  intense  blue  by  the  addition  of  iodine 
in  extremely  small  quantities.  This  blue  colouration  disappears  on 
heating  the  solution,  but  reappears  on  its  being  cooled.  This  reaction 
is  exceedingly  delicate,  and  is  practically  characteristic  of  starch.  Foi‘ 
the  purpose  of  this  test,  the  iodine  may  be  dissolved  in  either  alcohol  or 
an  aqueous  solution  of  j)otassium  iodide  ;  for  most  purposes  preferably 
the  latter.  For  the  occurrence  of  this  reaction,  the  |)resence  of  water 
is  apparently  essential  ;  for  if  wheaten  flour  l)e  moistened  with  an 
alcoholic  solution  of  iodine  no  cohniration  is  produced  other  than  the 
natural  brownish  yellow  tint  of  tincture'  of  iodine.  J5ut  with  a  potassium 
iodide  solution  the  fleeur  assumes  a  blue  coloui'  so  intense  as  to  be 
almost  black.  The  iodine  colouration  of  starch  is  oidy  caused  by  free* 
iodine,  not  by  iodine  conqeounds  ;  and  is  not  produced  excc'pt  in  the 
presence  of  hydriodic  acid  or  an  iodide.  Potash  or  soda  in  solution, 
when  added  to  dissolved  iodine,  immediately  combine  therewith  to  form 
iodides  and  iodates  ;  consecjuently,  the  iodine  test  for  starch  is  in¬ 
applicable  in  an  alkaline  medium.  In  case  a  solution  to  be  tested  for 
starch,  is  alkaline  to  litmus,  cautiously  add  dilute  sulphuric  acid,  until 
neutral  or  very  slightly  acid  ;  the  test  for  starch  ma}'  then  Ik*  made. 
The  only  compounds  usually  lik('ly  to  intei'h're  with  the  iodine  reactir)u 
for  starch  ai'e  some  of  the  dextrins  ;  these  bodies  combine  with  iodine, 
forming  either  colourless  or  brown  compounds  ;  but  unless  present  in 
large*  (juantities  d(j  not  jerevent  the;  dete'ction  of  starch.  Iodine  com¬ 
bines  with  starch  more  readily  than  with  de'xtiin,  conseepiently  tlu* 
iodiiu'  should  in  such  cases  be'  adde'd  in  ve'iy  small  (piantities  at  a  time', 
when  thee  blue'  coloiu'ation  due  to  tlu*  starch  will  appeal-  befori*  the 
brown  tint  pi-oduc('d  by  dcxti'in.  In  testing  for  stai-ch  tlu'  addition  of 
iodine  solution  should  lx*  continued  until  an  excess  of  icxline  is  jirese-nt 
in  thee  solution.  Fraus  has  rece'idly  discovered  a  substanct'  in  the' 
c])idei-nns  of  some  of  tlu'  Arunti  which  strike's  ;i  blue  ceelour  with  iexline'. 
'Phis  bexly  is  not  ii  starch,  anel  the  elisceeve're'r  has  come*  tei  the'  cemclusieen 
that  it  is  allie'd  tee  the*  tannitis.  In  eu-dinary  weerk,  heewe've'r,  this  sub¬ 
stance*  is  met  like'ly  te)  inte'ife're*  with  the*  ieeeline*  te'st  feu-  stare-h. 

In  re'cctilly  e'xamining  some*  st.-irchle'ss  biscuits,  the*  author  feeiinel,  eui 
elrojqiing  a  seelution  eef  ioeline*  on  the*  bi'eekcn  surface  of  the*  biscuit,  that 
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a  blue  colouration  was  jiroduced,  but  that  |)rolon<i-e‘d  boilin<f  fuilcd  to 
yield  u  solutit)n  which  sjfave  an  iodine  colouration.  The  jirobabh*  ex- 
jdanation  seems  to  be  that  under  tlu*  iidliumce  of  lieat  traces  of  starch 
eellulo.se  in  the  biscuit  products  are  converted  into  the  soluble  variety, 
and  hence  i^ive  a  colouration  in  situ,  but  are  in  such  small  quantity 
and  so  firmly  imprisoned  within  the  cellulo.se  as  not  to  be  liberated  by 
boiling.  Jt  is  not  sutiicient  in  making  starch  tests  on  solid  substances 
to  trust  to  adding  iodine  to  the  substance  itself  :  the  substance  should 
also  be  extracted  with  boiling  water,  and  the  test  made  on  the  filtered 
solution. 

Starch  does  not  cause  a  precipitate  with  Fehling’s  solution,  that  is, 
it  does  not  reduce  an  alkaline  .solution  of  co])per  sulphate  in  j)otassium 
sodium  tartrate.  (See  paragraph  161  on  maltose.) 

Starch  under  the  influence  of  heat,  and  readily  when  treated  with 
certain  other  bodies,  is  transformed  into  others  of  the  cai'bohydrates. 

DEXTRIN,  20Ci.jr2oOio. 

156.  OcCUrrGnC©.-  Di'xtrin  is  principally  known  as  a  manufac¬ 
tured  article,  but  also  occurs  in  small  quantities  as  a  natiu’al  constituent 
of  wheat  and  most  bodies  containing  .starch. 

157-  Physical  Character. — In  appearance,  dextrin  is  a  brittle 
transjiarent  solid,  very  much  resembling  the  natural  gums,  as  gum  araliic. 
It  is  colourless,  tasteless,  and  odourless.  Dextrin  is  a  colloid  body, 
and  is  very  soluble  in  water,  and  also  in  dilute  alcohol  :  it  is  insoluble 
in  aiisolute  alcohol,  by  means  of  which  it  may  be  precipitated  from  its 
solutions.  Dextrin  is  also  insoluble  in  ether.  .Surfaces  moistened  with 
a  solution  of  dextrin,  and  then  allow'ed  to  dry  in  contact  with  each 
other,  adhere  firmly.  Commercial  dextrin  has  usually  a  more  or  less 
brown  tint  from  the  presence  of  cai-amel  in  .small  quantity. 

158.  Preparation. — Dextrin  is  usually  prepared  by  the  action  of 
heat,  with  or  without  certain  reagents,  on  .starch.  The  starch  may  be 
maintained  at  a  tempei'ature  of  about  1.60°  C.  until  it  assumes  a  brown 
colour  :  treatment  with  water  then  dissolves  out  dextrin  in  an  impure 
form.  If  the  starch  be  first  moistened  with  water  containing  a  minute 
quantity  of  nitric  acid,  the  change  proceeds  much  more  rapidly  ;  the 
starch  should  in  this  case  be  heated  to  about  200°  C.  The  .substance 
thus  yielded  is  that  known  as  JJritish  gum,  and  is  largely  used  for  sizing 
calicoes  and  other  purj)Ose.s  in  commerce.  If  starch  solution  be  l)oiled 
with  dilute  sulphuric  acid  until  it  no  longer  gives  a  blue  colouration 
with  iodine,  dextrin  will  be  found  in  the  solution,  but  mixed  with 
maltose.  Certain  nitrogenous  bodies  also  po.ssess  the  power  of  convert¬ 
ing  starch  into  de.xtiin  and  maltose;. 

159.  Chemical  Character. — Until  recently,  dextrin  was  supposed 
to  consist  of  a  mixture  of  polymeric  bodies  of  clo.sely  similar  chemical 
character.  These;  seveu'ed  elexti-ins  weu’e  seqeanite'd  into  twee  gieeeqis  by 
their  difl'e'rence  in  beduivioui’  when  treatesl  with  ioeline*  solutieeii.  'riie 
membei’s  of  eene  ejf  these  groujes,  known  as  “  erythi’o-elextrins,”  we're*  feeunel 
to  sti'ike  a  re'deli.sh-brown  cejloui'atiem  on  tre'atment  with  inelino  ;  while 
the  othe-r.s,  which  were  classified  as  “  iichroo-dextrins,”  yieleleel  no  ceehnir- 

G 


82 


TIIK  SCIHXCK  AND  AHT  OK  DHKAD-MAKINCi. 


atiou  when  iodine  was  added.  It  lias  already  been  stated  that  Brown 
and  IMorris  in  1889  investigated  the  molecular  weights  of  the.  carbo¬ 
hydrates,  and  that  they  found  the  results  given  liy  the  various  dextrins 
were  practically  identical.  The  formerly  held  theory  assumed  that  the 
erythro-dextrins  contained  in  the  molecule  8  and  9  respectively  of  the 
group  ;  while  the  molecular  formula  of  the  achroo  dextrins 

included  from  2  to  7  of  the  Ci2H2i,(),o  group.  In  face  of  Baoult’s 
method,  giving  identical  molecular  weights  for  the  whole  of  the  dextrims, 
the  view  of  their  being  polymeric  bodies  is  no  longer  tenable.  The 
iodine  colouration,  produced  by  the  so-called  erythro-de.xti'ins,  is  due  to 
the  jiresence  of  certain  other  bodies,  termed  “.amyloins,”  which  will 
subsequently  be  descriljed. 

Dextrin  has  a  powerful  action  on  polarised  light,  twisting  the  ray 
to  the  right :  its  name  is  derived  from  this  projierty.  A  solution  of 
dextrin  in  some  respects  resembles  one  of  starch  ;  the}'  are,  however, 
di.stinguishefl  by  the  de.xtrin  giving  no  blue  colour  when  treated  with 
iodine.  Dextrin  exercises  no  I'cducing  action  on  Fehling's  solution  :  in 
this  re.spect  its  behaviour  is  similar  to  that  of  starch. 

THE  SUGAHS — Malfose,  Cane  Sugar,  Milk  Sugar,  and  Glucose. 

160.  General  Properties. — The  sugars  are  a  subdivision  of  the 
class  of  bodies  known  as  carbohydrates  ;  they  are  characterised  by 
having  a  more  or  less  sweet  taste,  and  ai'c  soluble  in  water.  .Many  are 
natural  products  occuiaing  both  in  the  animal  and  vegetable  kingdom. 

161.  Maltose,  0,2H.„On. — body  occurs  in  company  witli 
de.Ktrin  in  starch  solutions,  which  have  been  treated  with  dilute  sul- 
phui'ic  acid  until  the  solution  no  longer  yields  a  blue  colouration  with 
iodine.  It  forms  a  most  important  constituent  of  malt  extract, 
amounting  to  from  GO  to  Go  j>er  cent,  of  the  total  solid  matter.  In  the 
pure  state,  maltose  consists  of  small  hard  crystalline  mas.ses  or  minute 
needles,  which  are  soluble  in  water  and  dilute  alcohol.  Maltose,  being 
a  cry.stalline  body,  may  be  sepai-ated  from  dextrin  by  dialysis,  and  also 
by  precipitating  the  dextrin  by  means  of  strong  alcohol.  A  solution  of 
malto.se  causes  a  right-handed  rotation  of  a  ray  of  polari.sed  light. 
Maltose  gives  no  colouration  with  iodine,  but,  in  common  with  certain 
other  of  the  sugars,  exercis('s  a  reducing  or  deoxidising  action  on  .some 
metallic  salts.  This  l  educing  action  is  most  commonly  tested  by  means 
of  the  reagent  known  as  “  Fehling's  scilution.”  This  consists  of  sulphate 
of  eojiper,  tartrat(‘  of  ])otassium  and  sodium,  and  sodium  hydrate.  If 
sodium  hydi-ate  b(‘  addetl  to  a  solution  of  copper  suljdiate,  a  ])i(‘ci[iitate 
of  copper  oxide.  Cut),  combined  with  watt'r,  is  thrown  down;  the 
sodium  and  potassium  tartrates  redissolve  this  and  form  a  d(‘ep  blue 
solution,  which  may  be  boiled  for  some  minutes  without  alteration. 
Nf)W  certain  vari(‘ties  of  sugar  reduce  tiu'  Cut  >  to  C'u.jt  > ;  that  is,  they 
tak(!  awav  oxygen,  tlu*  change*  laung  represented  by  2( 'u< )  =  Cu.^O -f  t  >. 
The  oxygen  is  taken  by  the  sugai',  ami  foi-  our  la-esent  purpo.st*  ma'd 
not  be  traced  fui-ther.  'riu*  Cu.I ),  or  I'oppi'r  sub-oxide,  thus  formt'd  is 
insoluble  in  tlu*  Fehling's  solution,  and  hence  is  pi'ecipitated,  iirst  as  a 
yellow  and  then  as  a  brick  red  powder. 
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162.  Cane  Sugar,  0,oHooOii. — Cane  sugar  is  widely  spread  in 
nature  :  it  is  found  in  certain  roots,  as  beet-root,  in  tlie  sap  of  trees,  as 
the  maple,  and  in  the  juice  of  the  sugar  cane.  These  natural  solutions 
are  fir.st  j)uritied,  and  then  the  sugar  obtained  by  crystallisation.  The 
sugar  found  in  perfectly  sound  wheat  is  either  identical  with,  oi-  closely 
allied  to, .  cane  sugar.  Pure  cane  sugar  is  colourless,  odourless,  and 
soluble  in  water,  to  which  it  imparts  a  swt'et  taste.  Jh)iliug  water 
<lissolves  sugar  in  all  proportions,  while  cold  water  dissolves  about  three 
times  its  weight.  Sugar  is  insoluble  in  absolute  alcohol,  ether,  chloi'o- 
form,  and  petroleum  spirit,  but  is  sparingly  .soluble  in  rectitied  spirits 
of  wine.  The  purest  commercial  form  of  sugar  is  that  sold  by  the 
grocers  as  “  cotiee  sugar,”  and  con.sists  of  well  defined  ciystals  about 
three  si.Kteenths  of  an  inch  acro.ss.  This,  when  dried  at  100“  C.  to  ex])el 
■any  water  tliat  may  be  })resent,  is  sufficiently  pure  for  most  e.xperimental 
work  with  suyar.  A  solution  of  cane  simar  exercises  a  rffiht-handed 
rotation  on  a  polarised  ray  of  liglit.  Cane  sugar  produces  no  colouration 
with  iodine,  neither  does  it  cause  any  precipitate  in  Fehling’s  solution. 
P)}’  the  action  of  heat,  cane  .sugar  melt.s,  and  if  then  allowed  to  cool, 
foi'ins  the  solid  termed  “barley-sugar;”  a  prolongation  of  the  heat 
results  in  giving  the  sugar  a  deeper  colour.  Many  sweetmeats  consist 
of  sugar  thus  treated.  The  darkening  in  colour  is  due  to  the  fact  that 
at  moderately  high  tempm-atures  (:110°  C.  = -110°  F.)  sugar  begins  to 
undergo  decomj)osition.  Watery  vapour  and  traces  of  oily  matter  are 
evolved,  leaving  behind  a  substance  solulde  in  water,  to  which  it  imparts 
a  lich  brown  tint.  The  charactei'istic  sweet  taste  of  sugar  has  then 
disappeared,  and  the  licjuid  is  no  longer  capable  of  fermentation  by 
yeast.  The  change  has  resulted  in  the  foianation  of  a  brown  substance, 
termed  caramel,  to  which  the  formula  has  been  given  Caramel 

is,  however,  rather  a  mi.xture  of  bodies,  than  a  definite  chemical  com- 
])Ound.  The  browning  of  dextrin  and  starch  when  heatefl  is  also  du(‘ 
to  the  formation  of  caramel. 

163.  Milk  Sugar  or  Lactose,  C,2H2.^0„.  — This  sugar  is  i)rin- 
eipally  of  interest  as  being  that  present  in  milk,  which  contains 
(piantities  of  it,  vaiying  from  -I  to  .^)  })er  cent. 

It  will  Ije  noticed  that  the  three  sugars — malto.se,  cane  sugar,  and 
milk  sugar — have  all  the  same  formula. 

164.  Glucose  or  Grape  Sugar,  CeL’j.^Ou — Several  modifications 
of  gluco.se  exist ;  of  these,  two  only  are  of  importance  in  connection 
with  the  piesent  subject,  viz.,  dt'xfrose  or  dexti'o-glucose,  and  hevulose 
or  hevo-glucose. 

165.  Dextrose  or  Dextro-Glucose. — This  form  of  sugar  exists 
as  a  natui’al  }uoduct  in  thi;  juices  of  many  fruits,  notably  the  grape  and 
sweet  cherry.  The  foianer  yiidds  aljout  la  i)er  cent,  of  grape  sugai’. 
Itextrose  is  also  found  in  large  (|uantity  in  the  uriiu?  of  diabetic  patients  ; 
sona;  doubt  exists  as  to  whether  this  sugai’  is  absolutely  idmitieal  with 
the  dextrose  of  fruits.  Dt'.xtrose,  when  )air(‘,  occurs  in  crystalline 
mas:ses  :  it  has  a  sweet  taste  ;  but,  w(*ight  for  weight,  jiossesses  much 
h'ss  sweetening  action  than  does  cane  sugar.  A  solution  of  dextro.se 
exercise's  a  i-ight-haiided  rotation  on  a  ray  of  jiolarised  liglit.  Among 
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the  su,<fiU's,  (h'xti-osi*  is  specially  noticeahh'  foi'  the  great  ease  with  which 
it  undergoes  alcoholic  fermentation.  Like  maltose,  dextrose  exercises  a 
reducing  action  on  Feliling’s  solution,  ])rodiKing  a  red  j'l'ecijiitate  of 
cujirous  oxide. 

166.  Li80Vu1oS6  or  Li86VO-G1uCOSG.  This  sugar  occurs  in  com¬ 
pany  with  dextrose  in  certain  fruits,  and  also  in  hone}'.  Licvulo.se  is 
non-crystallisahle,  possesses  gr(«ater  sweetening  powc'r  than  dextrose, 
and  othu’s  more  i-esistance  to  alcoholic  fermentation.  A  solution  of 
hevo-glucose  exercises  a  left-handed  rotation  on  a  ray  of  polarised  light, 
thus  distinguishing  it  from  dextro  glucose' ;  the  two  names  are  bused 
on  the  I’espective  right  and  h'ft  handed  rotary  power  of  these  gluco.ses 
La'vo-  and  dextro-glucose  both  act  similarly  on  Fehling’s  solutiem 

167.  Commercial  Glucose. — Glucose,  in  a  more  or  le.ss  pure 
form,  is  largely  manufactun'd  for  commercial  purposes.  Under  the 
names  of  “  sacchai'uni,”  ‘‘invert  sugai-,”  itrc.,  it  is  used  as  a  substitute 
for  malt  by  brewers  and  distillers.  Various  forms  of  confectionery  and 
fruit  jams  contain  glucose  as  an  important  constituent.  Glucose  occurs 
in  two  forms  in  commerce  :  the  one  is  a  thick  and  almost  colourless 
syrup,  the  other  is  a  hard  crystalline  body,  varying  in  colour  from 
almost  white  to  pale  brown.  Glucose  is  usually  made  fi’om  stai'ch  by 
the  action  of  heating  with  dilute  sulphuric  or  oxalic  acid.  For  the 
purpose,  either  maize  or  rice  is  usually  selectt'd.  Subjoined  ai'e  some 
analyses  of  comnu'rcial  glucose,  which  were  (pioted  at  a  lectui’e  given 
before  the  Society  of  Arts  by  W.  G.  Valentin  : — 


Gluco.se,  . 

Brown,  very 
liunl  tniolish. 

80 -0 

Soft,  straw- 
coloured  French, 

.o8'8.o 

Maltose',  C„FL.,0„, 

nom*. 

14-11 

Dextrin, 

none. 

1-7U 

Other  carbohydrates  and 

traces'! 

8-llU 

9-38 

of  alliuminoids. 

J 

Mineral  matter,  ... 

l-;lo 

1-10 

Whiter, 

lOmO 

1  4-r)() 

lOO-OO 

100-00 

The  gluco.se  in  these  commercial  products  is  a  mixture  of  dextrosi' 
and  hcvulose.  The  author  has  reci'iitly  examined  a  numbc'r  of  the 
sirujiy  glucoses  :  tlu'se  lu'  linds  to  consist  [irincipally  of  maltose  and 
dextrin. 

Cane  sugar  is  also  converted  into  a  mixtiiri'  of  dextrose  and  la'vuK)se 
by  the  action  of  acids;  it  is  then  sold  under  tin'  name  of  "invert 
sugar;”  th(^  reason  for  this  name  is  that  such  sugar  rotates  the  ray  of 
polarised  light^  to  the  left  instead  of  to  the  right,  as  does  normal  cam- 
sugar. 

Till-:  AMYi.oiNs.  -Aiiiylo-dexiriit,  MaUo-.iextrin. 

168.  Constitution.  Tlu^  term  "amyloins”  was  proposc-d  by 
Armsti'ong  as  a  convenient  name  for  a  grou[)  of  bodies  which  are 
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CDiiiiiounds  of  varying'  proportions  of  tlie  aiipylin  or  dextrin  group, 
Cj2llV  >,oi  "’itl*  tilt*  ainylon  or  maltose  inoli'cule,  Cj.drj),,.  Tliat  these 
bodies  are  compounds  and  not  mixtures  is  ])roved  liy  tlieir  being  incap¬ 
able  of  separation  by  the  action  of  alcohol,  whereas  mixtures  of  dextrin 
and  maltose  in  the  same  proportions  are  readily  so  separated.  Further, 
the  amyloins  are  unacted  on  by  ordinary  yeast,  Sacc/i  iroinyces  cerevisite^ 
while  the  maltose  of  a  mixiurc  is  readily  so  fermented.  They  are  com¬ 
pletely  converted  by  diastase  into  maltose. 

169.  Amylo-dextrin,  \  \  — This  body  is  produced  by 

I  20^/10/6 

the  action  of  dilute  acids  on  starch  granules  in  the  cold.  After  some 
weeks’  treatment  the  corjaiscles  become  completely  disintegrated,  and 
then  ct)nsist  largely  of  amylo-dextrin  ;  this  is  dissolved  in  hot  water 
and  jiuritied  by  precipitation  with  alcohol.  This  substance  is  a  definite 
chemical  comjiound,  having  the  formula  above  assigned  to  it  as  the  re¬ 
sult  of  a  determination  by  llaoult’s  methofl  ;  and  is  produced  b}’  the 
hydrolysis  of  stai’ch.  Amylo  dextrin  gives  an  intense  reddish-lirown 
colouration  with  iodine,  and  its  prestmce  is  the  cause  of  the  chemical 
properties  hitherto  ascriljed  to  erythro-dextrin. 

170.  Malto-dextrin,  •!  ^  — When  starch  is  converted 

by  diastase,  malto-dextrin  is  found  to  a  greater  or  lesser  extent  in  the 
products,  especially  when  the*  converting  action  is  not  very  prolonged. 
Malto-dextrin  is  unfermentable  by  ordinary  yeast,  SaccharoDiyces  cerevi- 
sice,  by  the  action  of  which  it  may  be  distinguished,  and  separated, 
from  maltose.  IMalto-dextrin  is,  however,  slowly  fermented  by  certain 
secondary  jaxasts.  Diastasi*  completely  and  readily  converts  malto- 
rlextrin  into  maltose. 

171.  Other  Carbohydrates  of  Cereals.— There  are  certain 
other  bodies,  of  which  small  quantities  are  found  in  wheat  and  other 
grains  ;  among  these  are  : 

Raffinflse,  6,gH.j.O„;,5}[^(),  is  a  sugar  somewhat  resembling  cane 
sugar  in  character,  but  less  ea.sily  inverted.  Found  by  O'Sullivan  in 
barley. 

n  and  Aniylan,  are  two  bodies  having  the  same  empiric 

formula,  which  are  found  in  the  miu  ilaginoiis  jioi’tions  of  grains.  They 
are  almost  insolulde  in  cold  water,  di.ssolve  in  hot  wjiter,  and  gelatinise 
on  cooling.  These  substances,  when  trc'ated  with  dilute  acids,  are 
converted  into  dextrose  without  the  ])roduction  of  intm'iiK'diate  hodii's. 
Wheat  contains  from  Od  to  0-05  per  cent,  of  </.  amylan,  and  from  2-0 
to  2-5  per  cent,  of  /i  amylan. 

Extnactk'e  Matters.  —  Under  this  heading  ari*  included  cc'rtain  sub¬ 
stances  which  cannot  be  readily  identified  in  the  same  maimer  as 
starch,  maltose,  and  other  bodies.  'I’liis  is  in  conse(|iu‘nce  of  their 
jiossessing  no  very  definite  chemical  reactions.  Ib'cently,  Lintner  has 
obtained  from  barl(*y  a  white  amorphous  substance,  which  he  provision¬ 
ally  calls  harley-gum,  and  to  which  h(‘  giv(“s  tlu*  formula  .'/U|d  I  ]„( ),,  and 
suggests  its  identity  with  ( t’.Sullivan’s  amylan. 
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EXPEKIM  EXTAL  WOUK. 

IT’S.  ColluloSG. — Mix  in  a  niodorate  sized  beaker  about  5  "I’ains  of 
wlieat  meal,  with  loO  c.c.  of  water,  and  50  c.c.  of  a  five  per  cent,  solu¬ 
tion  of  .sulphuric  acid  ;  and  set  tlie  beaker  in  a  hot  water  Ijatli  for  Iialf- 
an-hour,  ,<,dvin<r  its  contents  an  occasional  stir.  At  the  end  of  that 
time  add  50  c.c.  of  a  twelve  ])er  cent,  potash  solution,  and  set  the  beaker 
in  the  bath  for  another  half-lioui'.  Obseia  e  that  a  residue  remains  ; 
allow  this  to  subside,  and  wash  it  by  decantation.  Finally,  transfer  it 
to  a  filter,  and  let  it  drain.  The  substance  thus  obtained  consists  of 
the  cellulose  or  woody  fibri*  of  the  wheat  Add  iodine  solution  to  a 
portion,  and  Jiotice  that  it  produces  no  blue  colouiation. 

It  is  assumed  that  most  of  the  students  who  i^o  systematically  thi'ough 
this  course  of  exj)erimental  work  will  do  so  in  a  regularly  appointed 
laboratory  ;  they  will  there  find  the  solutions  of  sulphuric  acid  and 
potash  above  referred  to  ready  made  up  for  ustx  Full  directions  for 
their  j)repai’ation,  and  also  of  other  special  reagents  re(juired,  are  given 
in  the  chapters  on  analytic  work  toward  the  end  of  the  book.  Unle.ss. 
he  has  not  access  to  such  .solutions,  the  student  need  not  at  this  stage 
of  his  work  troul)le  to  specially  j)repare  them. 

173.  Microscopic  Examination  of  Starches.  Take  a  small 

quantity  of  either  wheat  meal  or  flour  and  make  it  into  a  dough.  Tie 
this  up  into  a  piece  of  muslin  or  bolting  silk,  tind  knead  in  a  small  cup 
or  glass  with  water ;  the  starch  escapt's,  giving  the  water  a  milky 
appearance,  while  the  gluten  and  briin  remain  behind  in  the  muslin 
Clean  ;in  ordinary  microscopic  glass  slide  and  cover,  shake  the  starchy 
water  and  place  a  minute  drop  on  the  slide,  lay  on  the  cover,  press  it 
down  gently,  and  stmk  up  any  moi.sture  round  its  edge  with  a  fragment 
of  blotting  paper.  Place  the  slide  on  the  microscopic  stage,  and  focus 
the  instiument,  using  first  the  inch  and  then  the  (juarter  or  (‘ighth 
objective.  The  separate  starch  cells  ai-e  then  plaiidy  seen.  Trace  in  a 
few  of  the  cells  on  paper,  with  a  camera  lucida,  and  sketch  in  any  points 
of  detail.  IMeasun'  one  or  two  of  tlui  c(‘lls  with  the  eye-piece  micrometer, 
and  mai'k  their  dimensions  on  thc^  drawing. 

Take  a  small  ijuantity  of  the  Hours  i-espectively  of  liarley,  rv(‘,  rice, 
and  maize,  wash  out  the  stairh  fi-om  ('ach,  and  examine  microscopically 
in  pi'(‘cisely  the  same  manner  as  with  tlu*  wheat,  making  drawings  in 
each  case.  A  little  coi-n  lloui',  bcuiig  pi-actically  pure  maize  staich,  may 
be  used  instead  of  maize  flour.  Cut  a  potato  in  halves,  and  with  a  sharj> 
kniv(‘  scrajie  off  a  litth'  }>ulpy  matter  frmn  thi'  cut  surface,  ti-ansfer  to 
a  slide,  and  ('xamim^  with  tlui  microscope. 

Notice  in  each  ca.se  the  I'tdative  sizes  of  the  granules,  and  compaiu' 
their  shajies.  I'lxamine  for  t he  hilum  and  al.so  ol)s('rve  the  rings.  If 
the  microscopt*  be  fitted  with  polarising  apparatu.s,  study  the  vai'ious 
starches  under  poiai’isisl  light. 

174.  Examination  of  Mixed  Starches. — With  separate  por¬ 
tions  of  wheat  floui-,  tiux  respectively  small  (luantities  of  rice  meal  and 
coi-n  floui’.  As  before,  knead  the  starch  out  of  each,  and  examine  the 
milky  fluid  for  the  foreign  starches.  Notice  in  the  om*  case  the  very 
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small  rice  starch  pjranules,  and  in  the  other  the  somewhat  larger  maize 
starcli  grannies  interspersed  among  those  of  the  wheat. 


175.  Gelatinisation  of  Starch. — Heat  separate  (juantities  of 
one  gram  of  the  starches  of  wheat,  rye,  maize,  rice,  and  potato  in  50  c.c. 
of  water  ;  and  notice  the  temperature  at  which  the  liquids  commence 

to  tliicken  through  gelatinisation  of  the 
starch.  The  experiment  is  conducted  in 
the  following  manner. 

Place  a  moderately  large  Ijeaker  on  a 
piece  of  wire  gauze  over  a  tripod,  as  in 
tigure  7.  Take  several  small  beakers  or 
test  tubes,  and  attach  to  each  a  wire  hook, 
so  that  they  may  be  hung  over  the  edge 
of  the  large  beaker.  Fill  this  large  b(*aker 
with  water,  and  use  it  as  a  water  bath. 
Put  the  starch  to  be  tested,  togetliei-  with 
the  re(iuisite  quantity  of  water,  in  one  of 
the  small  beakers,  and  su.spend  it  in  the 
water  bath  ;  under  which  place  a  lighted 
bunsen.  While  the  small  beaker  is  thus 
being  heated,  stir  its  contents  with  a 
thermometer,  and  note  the  temperature  at 
which  the  first  appearance  of  gelatinisation 
is  detected  ;  instantly  remove  the  beaker 
and  plunge  it  into  a  ves.sel  of  cold  water. 
When  cold,  examine  a  little  of  the  paste 
with  the  microscope,  and  notice  whether 
or  not  many  of  the  granules  remain  unaltered.  INIake  a  .second  exjteri- 
ment  with  the  same  starch,  arresting  the  temperature  at  2°  hotter 
or  coldei',  according  to  the  degree  of  gelatinisation  revealed  by  the 
microscope  on  tlie  first  trial.  All  the  starches  specified  are  to  be  tested 
in  the  same  manner. 


FIi;.  7.— APPARATUS  FOR  DETF.R- 
MININO  tkmpf.raturp:  of 
OEI.A'ITNISA'ITON  OF  STARCH. 


176.  Reactions  of  Starch  Solution.  Alelatinise  a  little  starch 
by  heating  it  witli  water  in  a  test  tube  or  small  lieakei'  jilaced  in  the 
hot  water  bath  ;  then  let  the  solution  cool. 

Dissolve  some  iodine  in  alcohol,  and  atiueous  solution  of  potassium 
iodide,  respectivelv.  In  each  case  u.se  suthcient  iodine  to  just  give  a 
sherry  tint  to  the  soluticjii.  Add  some  of  either  of  thes(»  solutions  (that 
in  alcohol  is  commonly  a  “  tinctun' ”)  to  a  small  (luantity  of  the  .solu¬ 
tion  of  starch  ;  notice  the  blue  colour  produced.  Heat  the  .solution, 
and  then  allow  it  to  co<j1  ;  observe  tlu^  disappearance  and  gradual 
reapjiearance  of  the  colour. 

liender  a  portion  of  the  .starch  solution  alkaline  by  th(‘  addition  of 
caustic  soda  or  ])otash  :  to  ojie  portion  of  this  solution  add  iodine  ; 
notice  that  no  coloui'ation  is  ])roduc('d.  'I'o  tin*  other,  add  dilute  sul- 
phui’ic  acid  until  the  solution  is  slightly  acid  to  litmus  ])apei-.  Tlum 
add  soiix!  iodine  solution,  end  obsm've  that  the  noi-mal  blui'  colour  is 
])rofluced.  Add  respective! v  solution  of  iodine  in  potassium  iodide,  and 
the  tinctuiT!  of  iodine,  to  sepai-ate  small  portions  of  flour  ;  notii'e  the 
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(lark  l)lu(‘  colour  })ro(lucc(l  in  tlui  first  instance,  and  the  shei’ry  tint  in 
the  second.  To  the  second  ])ortion  add  a  little  \vat('r  ;  the  dark  l)lue 
colour  at  once  appear.s.  Mount  a  luinute  jKU'tion  of  flour  on  a  slide 
with  iodine  solution  ;  examine  under  tlu(  inicioscojie  and  notice  the  blue 
colouration  of  the  starch  .yranules,  while  other  constituents  of  the  Hour 
remain  comparatively  uncoloured. 

177.  Dextrin.  Render  .some  water  faintly  acid  hy  the  addition  (jf 
a  small  (juantity  of  nitric  acid  ;  with  thi.s,  moisten  some  starch  in  a 
porcelain  dish,  and  maintain  it  at  a  temj)eraturt‘  of  l.’00°  C.  in  a  hot-air 
oven  for  about  two  hours.  The  hot-air  oven  is  usually  made  of  copper, 
and  is  lieated  hy  means  of  a  hunsen  placed  underneath  ;  throui^h  a  hole 
in  the  top  a  thermometer  is  Hx(‘d  so  as  to  show  the  temperature.  Before 
using  the  (jven,  regulate  the  temperature  by  tui'iiing  the  hunsen  partly 
on  or  off  until  the  thermometer  remains  steadily  within  say  10  degrees 
of  200.  The  moistened  starch  must  not  rest  direct  on  the  bottom  of 
the  oven  ;  it  may  Ije  placed  on  a  small  ti'ijiod  made'  by  turning  down 
the  wires  of  an  ordinary  pipe-clay  triangle. 

Treat  this  heated  starch  with  hot  water,  and  filter  ;  a  yellowish-brown 
gummy  solution  is  obtained.  To  a  jiortion,  add  iodine  solution  ;  notice 
that  no  blue  colouration  is  ]>roduced,  but  inst(>ad  a  riHidish-brown  tint ; 
starch,  therefore,  is  absent.  The  reddish-brown  colour  is  due  to  the 
presence  of  amylo-dextrin.  From  another  poidion  of  tlu*  solution, 
precipitate  the  dextrin  by  adding  strong  alcohol  ;  Hlter  and  wash  the 
precijiitate  with  alcohol,  di.s.solve  in  a  little  water  and  reserve  for  a 
future  experiment.  Use  a  little  of  the  .solution  for  fastening  together 
pieces  of  pa2)er  ;  notice  that  it  exhibits  the  ordinary  ju-operties  of  gum. 

178.  Maltose  and  other  Sugars.-  Take  fi'om  .n  to  10  grams  of 
ground  malt,  and  mix  with  ten  times  the  cjuantity  of  water,  place  the 
mixture  in  a  bc'aker  arranged  in  a  hot-wat(*i'  bath,  and  keep  it  at  a 
temperature  of  60°  C.  for  half-an  lioui’  :  this  may  be  done  by  turning 
down  the  flame,  or  altogether  removing  it  from  time  to  time.  The 
tem[)erature,  may  I'ange  from  no  to  6')°  C.,  but  must  not  be  allowed  to 
go  above  the  latter.  At  the  end  of  the  half-hour,  raise  the*  temperature 
to  the  boiling  jioint  for  five  minutes,  and  then  filter  ;  the  n'sultant 
licpiid  is  a  .solution  of  maltose  and  dextrin,  and  may  he  used  for  experi¬ 
ments  on  maltose. 

Prepani  solutions  of  the  following  substance's,  and  test  them  with 
Kehling's  solution — (1),  starch;  (2),  the  re-dissolved  alcoholic  pri'cipi- 
tate  of  de.Ntrin  ;  (.3),  aciueous  exti’act  of  malt ;  (4),  cane  sugar;  and  (.')), 
commercial  glucose. 

iSet  some  distilled  wat(‘r  boiling  in  a  flask  or  large*  beake'r  for  half-an- 
hour.  Take  20  c.c.  of  the  mi.xed  Kehling's  .solution  (.see*  Chajeter 
XXlVb),  add  eepial  eiuantity  of  the  boiled  distilled  wat(*r,  and  set  in 
the  boiling  hot-water  liiith  foi-  t(*n  minute*s  ;  notice*  that  no  pi-('cipit;ite*  is 
produced.  ll(*at  five  separate*  jeortions  of  20  c  c.  of  Fehlings  solution, 
and  20  c.c.  of  wat(*i-  to  the  boiling  jeoint,  and  add  I'csjiectively  20  c.c.  of 
the  starch  and  other  solutions  pr(*viously  pre'paicd.  bet  them  all  stand 
in  the  hot-wat-er  bath  for  ten  minutes  ;  at  the  end  of  that  time*  some*  of 
the  solutions  will  jirobably  be  decolourised  with  the*  depeisition  of  a 


Til  lO  CAlinOtlYDKATES. 


S9 


copious  red  precipitate,  wliile  otliers  will  remain  uiichaiijfed.  The 
results  should  be  as  follows  : — 

Starch — Xo  jirecipitate. 

Dextrin — X’o  precipitate.  (Practically,  there  is  usually  a  very  slight 
Jirecipitate,  owin<f  to  dithculty  in  thoroughly  washing  the 
dextrin  free  from  maltose). 

^faltose — Pved  precijiitate. 

Cane  sugar — Xo  jirecipitate. 

Glucose — Ked  jirecipitate. 


no 
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THE  PROTEIDS. 

179.  Oharactor  of  Proteids.  -Tlie  proteids,  wliile  not  the  most 
abuiuhiut  constituents  of  wheat  and  flour,  are  yet  anion<j;  the  most 
important.  Jn  whatever  life  exists,  and  in  that  physical  basis  of  life, 
pi'otoplasm,  proteids  are  constantly  and  invariably  present.  Tn  matters 
of  animal  orij'in,  such  as  muscle,  b]of)d,  milk,  the  proteids  constitute  a 
larifer  proportion  of  the  water-free  material  than  in  most  vegetable 
bodies,  and  much  of  the  work  of  examining  and  classifying  proteids  has 
been  first  done  on  those  derived  from  animal  sources.  All  animal 
proteids  are,  however,  derived  either  directly,  or  indirectly  through  the 
body  of  some  other  animal,  from  the  proteids  of  the  vegetable  kingdom. 
The  name  proteid  is  derived  from  the  Greek  (-/aoTetoc,  pre-eminence), 
and  has  l)een  given  to  these  bodies  because  of  their  great  importance  in 
the  animal  economy.  Tyjtical  among  the  proteid  bodies  is  albumin,  the 
essential  constituent  of  the  white  of  egg ;  so  much  so  that  the  term 
“albuminous”  substance  is  often  used  :i.s  a  synonvun  of  proteid.  With 
a  more  minute  classification  of  the  j)roteids,  the  term  albumin  is  restricted 
to  one  particular  proteid  group  ;  and  the  term  “  albuminoid,”  commonly 
employed  as  Viearing  the  same  meaning  as  “  proteid,”  should  be  resti'icted 
to  gelatin  and  certain  other  bodies  which  are  not  j)roteids,  but  bodies 
bearing  a  re.seinblance  or  relationship  to  the  group  of  which  albumin  is 
the  typical  member. 

180.  Oomposition  of  Proteids.  -  The  proteids  are  distinguished 
in  composition  from  the  carbohydrates  by  their  containing  nitrogen  and 
sulphui-  as  essential  constituents,  in  addition  to  carbon,  bydrogen,  and 
oxygen.  They  are  .substances  of  extremely  comiilex  constitution,  and 
have  very  higli  molecular  weights.  Th(‘y  are  higldy  colloid  bodies,  and 
for  the  most  part  uncrystallisable.  The  various  j)roteids  difler  .some¬ 
what  in  composition  :  the  following  tabh‘,  on  the  authoi’ity  of  Moppe- 
Seyler,  gives  the  range's  of  variation  in  jeerce'iitages ; — 

G  H  N  S  O 

From  f)!-.")  (M)  1  0:1  -JO-O 

To  .5^-5  7-;i  IT-O  •_>■()  -iii-.r) 

From  the.se  figure's  varieais  eeleservers  have'  attempte'el  to  jissign  emiiirie' 
feei'inuhe'  te)  the  jirote'iels ;  thus,  Liebe'i’k iihn  anel  Loe'w  beeth  give  fe>r 
albumin  the  formula  Cb,I  I  )^„,  while'  Schutze'nbei'ger  suggests 

’tG  die  jire'senf  state  eif  euir  kneewh'elge',  heewever,  such 
formula'  are  of  ne'ce'ssity  almost  purely  spe'culative. 
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181.  Reactions  of  Proteids.  -Protpid  suUstjuicPs  are  distin¬ 
guished  by  tlieir  evolving  ammonia  on  lieing  strongly  heated.  This  is 
at  once  noticed  on  burning  pieces  of  ([uill  or  dried  gluten,  both  of 
which  consist  largely  of  proteid  bodies.  If  the  suspected  substance  be 
heated  to  near  the  boiling  point  of  concentrated  sulphuric  acid,  to  which 
a  little  potassium  sulphate  has  been  added,  the  whole  of  its  idtrogen 
is  convert('d  into  ammonium  suljihate,  from  which  free,  ammonia  is 
obtained  by  adding  caustic  soda  in  exce.ss.  and  subjecting  the  liquid  to 
distillation.  This  reaction  forms  the  basis  of  what  is  known  as  Kjeldald’s 
method  for  the  determination  of  nitrogen  in  organic  compounds.  In 
examining  sul)stances  for  proteids,  and  especially  in  discriminating  the 
various  ])roteids  from  each  other,  their  following  characters  are  of  im¬ 
portance — solubility,  heat  coagulation,  indiffusibility,  action  on  polarised 
light,  and  colour  reactions. 

So/ufu'Iitv.— AW  proteids  are  insoluble  in  absolute  alcohol  and  in  ether. 
Some  are  soluble  in  water,  othei's  insoluble;  among  the  latter,  many  an^ 
soluble  in  weak  saline  solutions.  S(une  proteids  are  soluble  and  others 
insoluble  in  strong  or  saturated  saline  solutions. 

^Mineral  and  acetic  acids,  and  also  caustic  alkalies,  dkssolve  all  pro¬ 
teids  by  tlie  aid  of  heat,  such  solution  being,  however,  accompanied  l)y 
decomposition.  The  gastric  and  pancreatic  juices  also  dissolve  proteids, 
but,  in  so  doing,  change  them  into  a  sub-class  of  proteids,  known  as 
pej)tones. 

Heat-coagulatiou. — This  is  a  very  familiar  characteristic  of  some  pro¬ 
teids,  chief  among  them  being  albumin  from  the  white  of  egg,  which  on 
being  plunged  into  boiling  water  assumes  un  insoluble  form.  Many 
proteids  when  dissolved  either  in  water  or  dilute  saline  solutions  art' 
coagulated  by  the  action  of  heat.  The  temperatui'e  at  which  coagulation 
occurs  affords  one  method  of  determining  the  natun*  of  the  itarticidar 
proteid  in  the  solution.  Distinct  from  heat  coagulation  is  what  is 
km^wn  as  ferment-coagulation,  an  instance  of  whicli  is  the  coagulation 
of  milk  by  rennet. 

Indiffusibilitv. — All  the  ])i‘oteids  (with  the  exception  of  the  pe])tones) 
are  highly  colloid  bodies,  and  when  in  solution  may  conseijuently  be 
separated  from  crystalline  bodies  by  dialysis. 

Action  oti  Polarised  Light.  -All  proteids  turn  a  ray  of  polarised  light 
to  the  left,  or  ai'e  hevoi'otatory. 

Colour  Reactions — Xanthoproteic  Reaction,  d'hese  are  very  useful 
methods  of  detecting  and  I'ecognising  proteids.  The  Xanthoproteic 
reaction  is  obtained  in  the  following  niannei'  :  Add  to  the  solution 
under  examination  a  few  drops  of  sti'ong  nitric  acid  ;  a  whit(‘  pre¬ 
cipitate  may  or  may  not  b(^  pi'oduc(‘d,  according  to  tlie  natui‘(“  and 
degree  of  concentration  of  tin*  ])i’ot(dd.  (Deptones  and  .some  varieties 
of  albumose  give  no  precipitate'.)  Jloil  ;  the  pi’ecij)itate  oi‘  li(|uid  tuims 
yellow,  with  usually  some  solution  of  any  precipitate.  Cool  and  add 
ammonia  :  the  yellow  liepud  or  precipitate  turns  orange.  'I'liis  cetloura- 
tion  is  the-  essential  jeart  of  the  I'caction,  and  is  the  most  delicate  test 
for  proteids  we  possess. 

Mit/on’s  Reaction. —  Dissolve,  by  the  aid  of  gentle  heat,  one  part  by 
weiglit  of  mercury  in  two  of  strong  nitrii-  acid  ;  dilute  with  twic-e  its 
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voluine  of  water,  and  allow  the  precipitatf*  to  setth*  ;  the  eh'ar  super¬ 
natant  li(|ui(l  is  IMilloirs  I’ea^ent.  On  the  addition  of  a  few  drops  of 
this  to  a  solution  of  proteid,  a  white  })i-ecipitate  forms,  which,  on  h(nn<f 
heated,  assunu's  a  hrick-red  colour.  The  ri'action  is  prevented  by  the 
presence*  of  sofliuin  chloride.  Other  substance's  are*  pre*cipit;iteel  by 
IMilleen’s  reai^ent,  but  the  jirecipitate  does  neit  turn  re*d  em  hoilin^o 

Piotr<nvski' s  or  “  Biuret"  Reaction.--- BiVX  tee  the  seelution  ejf  albumin 
eer  sii'dliir  jei’eeteiel  a  few  elre)ps  eef  elilute  solution  eef  ceeppe-r  sulphate  ; 
a  pre'cipitate*  of  copper  alleuminate  is  feerme'd,  except  with  deutero- 
alhunuese  anel  jee'pteme.  Adel  excess  of  ceuistic  jieetash  e)r  .soda,  a  violet 
solutieen  is  pi'oeluce*el.  Ammeeniei  ,t(ives  ii  blue*  seelutieen. 

Tn  the  ca‘;e*  eef  alhumoses  iinel  pe'preeiu's,  the  result  is,  insteael,  a  rose- 
re-el  seelutieen  with  potash,  and  jl  re’elelish-vieelet  with  iimmonia.  Care 
must  he  taken  met  tee  :idel  excess  eef  sulphate*,  as  see  deeing  gives  a  reeldish- 
vieelet  ceeleeur,  very  difficult  tee  elistinguish  freem  this  pe*pteene  reaction. 
When  this  test  is  applied  in  the  pre*se*nce  eef  salt  seelutieens  it  may  he 
.seemewhiit  meeditied  ;  thus,  nuignesium  suljeluite  is  precipitated  as  m;ig- 
nesia  le}*  ]e(etash  ;  before  the  ceelour  c;in  he  ohserve*d  the  precipitate 
must  he  Jillowed  tee  suljside.  If  ammonium  sulpluite  is  ]ere*sent,  a  large 
(|U!intity  eef  jeeetash  is  necessary  before  the  ceelour  appe*ars ;  .seedium 
chloride  eleees  not  alfect  the  reaction. 

182.  Precipitation  of  Proteid?.  The  prece-eling  mete  een  the 
soluhility  of  preeteiels  affierds  some  clue  tee  their  veirieeus  meeeles  of  pre- 
eijeitatieen,  the  pepteenes  einel  alhumee.ses  being  much  meere  seeluhle  than 
other  preeteids. 

Scelutieens  eef  the  preeteiels  m;iy  he  jere-cipitate-el  by  the  feelleewing 
leeedies  : — Strong  minenil  aciels,  especiiilly  nitric  iicid  ;  acetic  eiciel  ;  and 
also  with  e*.xce*ss  eef  sejelium  sulphate,  seedium  chleeiaele,  eer  magne-*sium 
sulphate.  S.dts  eef  the  lieiivy  metals,  as  me-rcuric  chleei'iele  or  ha.sic  lead 
ace-tate,  also  jerecipitiite  preeteiels  ;  een  suspemling  the  pre*cipit;ite  in 
wate*r,  eiml  passing  a  stre*am  eef  sulphuiette-el  hyelreegen,  the  metal  is 
pi-ecii)itate*el  anel  the  jeroteiel  receevere-d  in  an  unchange*el  feeian.  In 
additieen,  jereete-iels  ai'e*  precipitateel  liy  tannin,  eer  tannin  anel  seeelium 
chleei-iele  toge-ther  :  by  satureition  with  ammeenium  suljehate  :  ley  picric 
aciel  :  einel  ley  alc.eeheel  in  fiiintly  eiciel  solutieens. 

Ameeng  the*se  the  feelleewing  are*  ceen ve-ine-nt  me-theeels  of  remeeving  pro- 
te-iels  freem  :i  Kelutieeii,  (*ithe*r  iis  ei  jeeii't  eef  (he*  preece-ss  feer  their  own 
iseelatieen,  eei*  !is  ;i  pi'ieei'  steje  (eewai’il  e'Xiimining  the  liepuel  feer  other 
suhstiince's  ; 

1.  The*  seelutieen  is  mi.\e*el  with  half  its  veelume*  of  a  sfitureite-el  seelutieen 
eef  ceemmeen  siilt,  tannin  is  aelele*el  in  slight  i*.\ce*ss,  anel  the*  jereete-ids  are 
entire-ly  se-pareite-el 

■J.  'I’he*  seelutieen  is  satui’.ite'el  with  ammeeinum  sul]ehate*,  which  pi’C- 
cipit;ite*s  all  jereete-iels  hut  pe*pteene*s. 

.‘5,  'I'lie*  seelutieen  is  re*nele*i'e*el  faintly  aciel  with  iice-tic  aciel,  si-veral 
time's  its  veelume*  eef  aleseelute*  alceehol  aelele*el,  anel  alleewe-el  tee  stanel  tw(*nty- 
feeui*  heeurs.  'I'lie*  wheele*  of  the*  ]irote*iels  ai’i*  thus  pre*cipit;ite*el. 

1.  Whe*n  |)i’eete*iels  eef  the*  alhumin  eer  gloleulin  greeup  eenly  are*  pre-sent, 
simple*  acielulating  anel  leeeiling  the*  seelutieen  pre*cipitate*s  thei  jereete'iel.s. 
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183.  Classification  of  Proteids. — Proteids  iin*  oomnionly 
divided  into  Jiiiiinal  and  vei^etable  proteids,  according;  to  their  (n’i<,dn. 
Strictly  sj)eakin,<;,  the  animal  ]irot(‘i(l.s  have  hut  little  to  do  with  the 
present  work,  hut  as  tlieir  classiticiition  is  largtdy  that  on  which  the 
classitication  of  those  from  vei;etahle  bodies  is  also  based,  a  short 
account  of  the  animal  proteids  is  here  inserted. 

184.  Animal  Proteids. — These  an*  conveniently  arrangc'd  in 
the  following  groups  : — 

Class  1.  AlbuDiins^  soluble  in  water,  in  dilute  saline  solutions,  and 
saturated  solutions  of  soilium  chloride  and  magnesium  sulphate.  Pre- 
cijiitated  fi’om  their  solutions  by  saturation  with  ammonium  sulphate. 
Coagulated  by  heat,  usually  about  70° — T-T  C. 

i\lend)ers  of  class — Serum  albumin,  egg-all)umin,  cell-albumin,  muscle- 
albumin,  lact-alljumin. 

Class  ;2.  Globulins^  soluble  in  dilute  saline  solutions  ;  insoluble  in 
water,  concentrated  solutions  of  sodium  chloride,  magnesium  sulphate, 
aiul  ammonium  suljdiate.  C(jagulated  by  heat,  temperature  varying 
consideraldy. 

^Members  of  class — Fibrinogen,  serum  globulin,  crystallin  ;  vitellin, 
in  the  yolk  of  egg,  not  precipitable  by  sodium  chloride. 

Class  3.  Albuminates,  or  Derivtcl  Albumins,  derivi'd  from  either 
albumins  or  globulins  by  the  action  of  weak  acitls  or  alkalies.  On 
heating  a  solution  of  egg  albumin  to  about  40°  C.  with  a  few  drops  of 
O'l  per  cent,  sulphuric  acid  or  Od  per  cent,  potash  solution,  the  solution 
loses  its  properties  and  becou.es  converted  into  acid-albumin  or  syntonin, 
and  alkali  albumin  respectively. 

Albuminates  are  soluble  in  acid  or  alkaline  solutions  or  in  weak 
saline  solutions  ;  insoluble  in  pure  water,  precipitated  like  globulins  by 
saturation  wdth  sodium  chloride,  magnesium  sulphate,  or  ammonium 
sulphate.  Holutions  not  coagulated  by^  heat. 

Caseinogen,  the  chief  {)roteid  constituent  of  milk,  is  an  albuminate. 

Class  4.  Proteoses,  intermediate  products  in  the  hydration  of  proteids, 
formed  in  the  body  by  the  action  of  the  gastric  and  pancreatic  juices, 
artificially  by  heating  with  water,  and  more  readily  by  dilute  mineral 
acids.  Are  not  coagulated  by  heat,  precij)itated  by  alcohol,  all  give 
the  biuiet  reaction.  Precipitated  by  nitric  acid,  j)r(‘cipitate  soluble  on 
heating,  and  rea])pearing  as  the  litpiid  cools. 

The  proteoses  are  subdivided  into  albunio.ses,  globuloses,  ct'c.,  accord¬ 
ing  to  the  original  j)i’oteid  fi'om  which  d(*rived,  all)umin,  globulin,  ttc. 
Each  groui)  of  protecjses  may  be  fui'ther  subdivided  in  a  similai-  manner; 
taking  albumose,  there  an;  two  vai'ieties,  hemi-albumose  and  anti  albuntose, 
which  on  further  dig(;stion  arc*  conviu'ted  into  henu-jK‘j)tom*  and  anti¬ 
peptone  respectively.  Classified  according  to  their  solubiliti(‘s,  tiny 
are  divides!  into — 

Proto-albumose,  soluble  in  cold  aeid  hot  water  and  in  saline;  seelutions  ; 
precipitatesl  like  gleebulins  by  saturatieen  with  soelium  cldoi'ide*  eii-  mag¬ 
nesium  suljehate. 

JJetero  albumose,  inseeluble  in  wateu-  ;  .se)luble'  in  O'h — lo  jee'r  cemt. 
sexlium  chlejiuele  solutiejn  in  the  cold,  but  precijeitatesl  by  hesiting  to 
05°.  Precijutatesl  from  its  se)lutions  by  dialysing  e)ut  the  salt,  like' 
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glubulins.  Precipitated  Ijy  !?aturatioii  with  salts.  Proto-  and  hetero- 
alljuiiu)se  are  often  called  primary  .allainioses,  because  they  are  the  first 
jtroducts  of  hydration  of  proteids. 

JJeutcro-ailutmose,  soluble  in  hot  and  cold  water,  not  precipitated 
from  its  solutions  by  satui'ating  with  sodium  chloride  or  magnesium 
sulphate,  but  ]ireci})itated  by  ammonium  sulphate,  is  an  intermediate 
•stage  in  the  conversion  of  the  primary  albumoses  into  pe})tone. 

C7nss  5.  Peftones  are  the  final  product  of  the  hydration  of  jiroteids  ; 
further  hydration  splits  up  the  peptone  into  simpler  bodies,  which  are 
no  longer  2'i’oteids.  The  jieptones  are  soluble  in  water,  not  coagulated 
by  heat,  anfl  are  not  })reci])itated  by  nitric  acid,  cojij)^'  sulphate,  am¬ 
monium  sulj)hate,  and  a  number  of  other  precijiitants  of  ^'I'oteids. 
Precipitated,  but  not  coagulated,  by  alcohol.  Precipitated  by  tannin, 
])icric  acid,  ami  othei'  substances.  They  give  the  biuret  reaction. 

Pure  peijtone  may  be  sei)arated  from  all  other  ju’oteids  by  ammonium 
sul2)hate  :  the  solution  is  then  subjected  to  dialysis  in  order  to  remove 
the  sul2>hate,  and  the  pejitone  precij.iitated  b}’  alcohol.  It  may  then  be 
<lried  by  washing  with  absolute  alcohol,  ether,  and  finally  standing  in 
tlesiccator  over  sulphuric  acid,  a  vacuum  being  inaintained  in  the 
desiccator  by  a  sjirengel  or  other  air-pump.  Pei>tone  thus  prepared 
hisses  and  froths  on  being  dissolved  in  water  with  evolution  of  heat. 

Peptone  is  somewhat  cheesy  in  taste,  but  not  un2)leasant.  Artificially 
prei)aretl  j)ei)tones,  as  peptonised  milk  or  beef  extract,  have  a  bitter 
taste.  This  is  due,  however,  to  some  bitter  substance  not  yet  sej.arated; 
native  i)ei)tones  and  alljunioses  l)eing  almost  tasteless. 

JIemi-pepto}ies  s})lit  up  l)y  the  pancreatic  juice  intr)  simpler  products, 
as  leucine  and  tyrosine.  xVntipeiitone  is  not  deconpiosed  in  this  manner. 

both  vai'ieties  of  pej>tone  are  readily  dialysable  ;  all)umoses  are  only 
slightly  dillusilile  umler  similar  conditions,  while  the  albumins  and 
globulins  are  highly  colloid. 

Class  G.  Coagulated  Proteids. — ( a )  Coagulated  liy  heat,  are  insoluble  in 
water,  weak  acids,  and  alkalies.  Soluble  after  j.irolonged  boiling  in 
concenti-ated  mineral  acids,  also  in  gastric  ami  jianci-eatic  juice  with 
formation  of  jieptones.  (o)  Coagulated  by  ferments,  lilirin  from  blood, 
myosin  from  muscle,  caisein  from  milk. 

185.  Vegetable  Proteids.  As  pn-viously  stated,  jdants  cr)ntain 
a  less  propoi'tion  of  ju’oteid  matter  then  animals.  They  may  be  found 
in  solution  in  the  saj)  or  juice  of  jdaiits,  or  in  the  solid  .state  in  the 
protojilasm  of  the  i)lant  cells,  and  in  a  coiiniaratively  dry  condition  in 
the  rijie  seeds.  Proteid  is  often  found  in  granules  (ahuirone  grains). 
Some  of  the,  vegetable  proteids  are  obtainable  in  a.  crystalliTie  form. 
'I'lie  .same  classification  may  be  a})])li(‘d  to  the  vegetable  jiroteids  as  has 
lieioi  adojited  for  those  of  aidmal  d(>rivation. 

Class  1.  I'egetalde  Alhumhis  answer  to  the  same  reactions  as  animal 
albumins — small  (piantiti(‘S  are  fomid  in  wheat  and  Hour. 

Class  '2.  Glohulins. — Most  of  the  solulih'  jirotiuds  present  in  jilants 
belong  to  this  clas.s- -  a  small  (piantity  is  found  in  whe'at  and  tlour. 

Some  oliserV(‘rs  (W’eyl  and  liischoHj  state  that  they  tind  the  jiroteid 
matter  of  wheat  to  consist  largely  of  a  gloliulin  like  myosin,  but  this 
view  is  negatived  by  moie  recamt  r(‘searches,  which  go  to  show  that  the 
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l)()(ly  so  described  is  another  proteid  to  wliich  the  name  of  gliadin  has 
been  given. 

A  plant-vitellin  occurs  in  aleurone  grains,  and  is  distinctly  ciystalline. 
Certain  vegetable  para-globulins  (analagoirs  to  the  globulin  of  blood- 
serum)  are  found  in  abrus  and  other  seeds. 

C/ass  d.  Albuminates. — Both  acid-  and  alkali-albumin  are  readily 
produced  by  the  action  of  acids  and  alkalies  on  the  albumins  and 
globulins  of  plants. 

So-called  legumin  is  alkali-albumin  formed  by  the  caustic  pota.sh 
employed  in  its  extraction  from  plants. 

Class  4.  Proteoses  are  present  in  small  (juantity  in  wlieaten  flour  : 
their  nature,  however,  is  but  little  known.  Hemi-albumose  has  been 
found  in  aleurone  grains,  while  Martin  considers  tiie  two  proteids  of 
gluten  to  be  forms  of  phyt-albumo.se. 

Class  T).  Peptones  do  not  ap])arently  occur  in  plants.  They  may  be 
formed  from  vegetable  proteitls  by  boiling  witli  dilute  mineral  acids,  or 
treatment  with  gastric  or  pancreatic  juices.  Animal  proteids  are,  as  a 
rule,  more  easily  peptonised  than  those  of  vegetable  origin  ;  thus  papain, 
ii  vegetable  ferment,  converts  animal  proteids  into  peptones,  lait  carries 
the  change  of  vegetable  proteids  no  further  than  proteoses. 

Class  6.  Coagulated  Proteids. — Plant  allnimin  and  globulin  are  coagu- 
latefl  by  heat.  Martin  and  others  argue  that  certain  ferment-actions 
produce  coagulation  of  vegetable  proteids. 

186.  Albuminoids. — AVith  tlie  proposal  to  restrict  this  term  to 
a  series  of  bodies  outside  the  proteid  group,  it  will  be  well  to  In-iefly 
state  the  cliai-acter  of  albuminoids  in  this  more  restricted  sense.  Tlie 
tendons  of  animals  contain  a  body  known  as  “  collagen,”  which  is 
insoluljle  in  water.  By  the  action  of  dilute  acids  or  lioiling  water, 
collagen  is  transformed  into  gelatin  :  the  process  is  one  of  hydration, 
represented,  accoi-ding  to  Hofmeister,  bj"  the  fcjllowing  e(iuation  : — 

^'l02lll4!t^SlO.28  +  11,0  = 

Collagen.  Water.  Gelatin. 

The  albuminoids,  as  thus  classified,  ditl'er  from  the  proteids  in  that 
they  conttiin  mj  suljihur.  (lehitin  is  insoluble  in  cold  water,  but  dis¬ 
solves  in  hot,  gehitinising,  or  forming  a  jelly,  on  cooling. 

187.  Proteids  of  Wlieat.  —  it  is  a  hict  too  familiar  to  need 
experimental  demonstrtition,  that  the  whitt^  of  egg  coagulates  on  being 
heiited  ;  but  it  will  bt;  fouml  on  further  ex]>erinient,  as  m.iy  in  fact  be 
gathered  from  the  preci'ding  desciii>tion,  that  if  the  white  of  (‘gg  be 
shaken  up  with  considerable  (piantities  of  water  and  then  heated,  the 
albumin  separates  out  in  coagulated  flocks.  iSimilarly  on  making  a  cold 
acjueous  infusion  of  flour,  or,  still  better,  of  the  germ  of  wheat,  and  then 
Altering  the  solution  until  perfectly  deal',  a  licpiid  is  obtained  which,  on 
being  raised  to  the  boiling  point,  thiows  down  aliundant  Hocks  of 
albumin  and  globulin.  'The  coagulated  pi'oteid  thus  olttained  is  as 
whitt^  and  pure  in  appearance  as  that  fi-om  the  white  of  egg,  and  is,  to 
all  intents  and  pur[)oses,  identical  with  that  of  mi-xtuiacs  of  albumin  and 
globulin  of  animal  origin.  AN’hile  the  egg  idbumin  always  occurs  in  an 
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alkaline  li(jui(l,  that  of  veifetables  is  always  found  either  in  acifl  or 
neutral  licjuitis. 

Fui'ther,  ev(>ry  miller  and  baker  knows  that  flour,  on  beinjf  moistened, 
foi'ins  a  stiff,  tenaeious  jiaste  or  dough  ;  he  also  knows  that  the  flour 
of  wheat  is  distinguished  in  a  remarkable  manner  from  other  flours  by 
this  charact('r ;  for  oatmeal,  when  similarly  treated,  simply  produces  a 
damji  mass,  having  little  or  no  tenacity.  On  kneading  a  mass  of  wheaten 
dough,  enclosed  within  a  piece  of  muslin,  with  water,  until  the  starch  is 
separated,  there  remains  behind  a  greydsh-white  sticky  elastic  mass,  to 
which  the  name  of  “crude  gluten”  is  applied.  This  suljstance  consists 
of  the  insoluble  jiroteids  of  the  wheat,  together  with  a  portion  of  the  ash, 
and  also  of  the  oily  matter.  Although  this  glut(m,  when  in  the  Hour, 
existed  as  a  powder,  yet,  on  the  additi(jn  of  watei’,  it  thus  swells  up  into 
<a  tough  mass.  Gluten  is  practically  insoluble  in  water,  and  without 
taste  ;  on  being  dried  by  exposure  to  the  heat  of  the  hot-water  oven,  it 
changes  into  a  hard  horny  mass.  Gluten  which  has  been  thus  moistened 
with  water,  ])rovided  it  is  dried  at  a  low  temperatui’e,  swells  up  again 
on  being  wetted,  although  not  usually  to  such  a  tough  mass  as  when 
first  extracted.  Osborne,  with  whom  recentlyOias  been  associated  Voor- 
hees,  has  for  some  years  been  engaged  in  a  .systematic  investigation  of 
the  vegetable  proteids  ;  in  1893  they  conjointly  communicated  to  the 
American  Chemical  Journal  an  article  of  great  importance  on  “The 
Proteids  of  the  Wheat  Kernel.”  This  article  contains  a  historical 
n'sume  of  the  work  previously  done  on  these  compounds,  and  akso 
includes  the  results  of  theii-  own  elaV)orate  investigations  on  wheat 
proteids,  conducted  on  the  lines  of  the  most  recent  knowledge  of  the 
constitution  of  ])roteifls  generally.  The  following  description  is  very 
lar<relv  based  on  Osborne  and  Voorhees’  article. 

188.  Earlier  Researches. — After  recounting  the  results  of  the 
researches  of  Taddei,  Pei’zelius,  Mulder,  Gunnsberg,  and  others,  Kitt- 
hausen’s  conclusions  are  mentioned,  in  which  that  chemist  recognised 
in  1872  that  wheat  contains  five  proteid  bodies,  to  which  he  gave  the 
names  of  gluten  casein,  gluten  fibrin,  ])lant  gelatin  or  gliadin,  mucedin, 
and  albumin.  He  exj)re.ssed  a  doubt  as  to  the  pre.sence  of  allaimin,  as 
what  was  viewcal  as  this  body  might  possiUy  be  a  mixture  of  mucedin 
and  gliadin. 

Tn  1880,  Weyl  and  Pischofl’  published  the  vitov  that  the  proteid 
matter  of  wheat  is  principally  a  myosin  lik('  gloiadin,  winch  they  call 
vegetable  myosin,  and,  if  this  view  be  correct,  they  further  assume  that 
it  is  from  this  sulistance  that  glut(m  is  deriveil,  otiuu'  proteids  only 
being  juesent  in  small  ([uantity.  Tlaw  ('.\tract(Hl  floui-  with  a  In  per 
cent,  salt  solution,  and  found  that  the  iHisidue  yiehh'd  no  gluten  ;  they 
conse(iuently  assumed  that  glutcm  is  formed  from  myosin  as  a  ri'sult  of 
a  fei'inent  action  similarly  to  the  foi'ination  of  fibrin  from  fibrinogen. 
No  fernamt  jios.sc'ssing  such  properties  could,  howc-vcr,  be  detected. 
Lai'g(!  (piantities  of  sodium  chloride  and  otlau-  .salts  jurvent  the  formation 
of  ‘duten  in  the  same  way  as  these  salts  also  prevent  tin*  formation 
of  fibrin.  Gn  first  heating  flour  with  alcohol,  tlu'y  found  that  sub- 
scijuently  no  gluten  could  be  obtained  on  washing,  and  so  assumed  that 
the  myosin  had  been  coagulated.  Also,  on  warming  flour  for  from  48 


'niK  PliOTKIDS. 


97 


to  96  lioufs,  keeping  tlie  temperature  lielow  60°  C.,  tlie  coagulation 
point  of  myosin,  and  then  adding  a  little  unwarmed  Hour  and  extracting 
gluten  from  the  mixture,  no  gluten  is  obtained  beyond  that  pi-esent  in 
the  added  Hour,  showing  in  Weyl  and  IjischoH's  o})inion  that  the  gluten¬ 
forming  substance  had  suH'ered  coagulation. 

Martin  in  1886  examined  gluten  by  extraction  with  alcoliol — he 
found  but  one  j)roteid  substance  so  extracted.  This  body'  is  soluble  in 
hot  water,  but  is  insoluble  in  cold,  and  so  is  insoluble  ])hyt-albumose. 
The  residue  insoluble  in  alcohol  is  uncoagulated  proteid,  .soluble  in  dilute 
acids  and  alkalies  ;  this  he  terms  gluten  Hbrin.  The  insoluble  phyt- 
albumi)se  is  not  present  as  such  in  Hour,  as  direct  extraction  of  the  meal 
with  To  ])er  cent,  alcohol  removes  no  proteid.  jMartin  concluded  that 
the  insoluble  phy't  albumose  is  formed  from  the  soluble  by  the  action  of 
water,  the  gluten  Hbriu  being  formed  by^  a  similar  action  of  water  on 
the  globulin,  that  is,  conversion  into  an  albuminate.  The  albuminate 
and  insoluble  phyt-albumose  together  constitute  gluten. 

Johannsen,  1889,  combats  the  ferment  theory  of  the  production  of 
gluten.  He  found  that  a  normal  dough  was  obtained  by  giinding  dried 
gluten  and  mixing  with  starch,  and  also  by  mixing  moist  gluten  with 
starch. 

189.  Osborne  and  Voorhees’  Experiments,  Wheats 

Used. — One  of  these  was  a  Minnesota  spring  wheat,  Scotch  Fife, 
milled  under  chemical  supervision  into  “  patent  ”  flour  from  Hnest  and 
purest  middling.s,  and  “straights”  from  the  coarser  middlings.  The 
“  shorts  ”  (red-dog  1),  chiefly  composed  of  inner  j^ortions  of  tlie  bran, 
with  adhering  portions  of  the  endosperm,  was  also  examined.  Samples 
of  whole  wheat  flour  were  prepared  direct  from  the  wheat  by  grinding 
in  the  laboratory  when  required.  A  variety’’  of  winter  wheat,  known 
as  “  Fultz,”  was  also  examined,  but  only  as  whole  wheat  flour.  Pre¬ 
liminary  investigations  showed  that  all  these  ditferent  flours  yielded 
proteid  matter  to 

Diluted  alcohol. 

Water, 

10  per  cent,  sodium  chloride  solution, 

And  after  complete  and  successive  e.xtractions  with  these  re¬ 
agents,  to  dilute  potash  water. 

The  bodies  extracted  by  these  various  reagents  will  be  examined 
separately. 

•  190.  Proteids  Soluble  in  Water. — In  the  course  of  some  pre¬ 
liminary  expei'iments,  200  grams  of  spring  wheat  straight  flour  were 
mixed  with  800  c.c.  of  distilletl  wat(!r.  No  coherent  gluten  formed, 
the  undissolvi'd  flour  settling  down  as  a  non-coherent  mass.  Aftc'r  a 
few  hours’  digestion  tlm  solution  was  liltenHl  ;  the.  tilti'ate  was  straw- 
yellow  in  colour,  becoming  red-brown  on  standing,  and  had  a  z/rAr  slight 
acid  reaction. 

.Satui'ation  with  ammonium  sulphate  gave  a  bulky  pi'ccipitate,  which 
contracted  on  standing,  showing  the;  solution  tt)  contain  l)ut  little  jiro- 
teid  jiiatter.  After  21  houi's  this  precipitate  was  completely  soluhli;  in 
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wator,  no  evidence  of  the  fonnation  of  so-called  albuminates. 

Saturation  witli  sodium  chloi'ide  ftave  a  small  precij)itate.  Acetic  acid 
in  the  cold  ^uive  no  precipitate  until  sodium  chloride  was  adderl. 

On  slowly  heating,  the  solution  gave  a  turbidity  at  48°  C.,  and  a 
tlocculent  coagulation  at  52°.  Aft(‘r  heating  to  65°  for  some  time  and 
filtering,  th(‘  solution  became  turbid  again  at  73°,  flocks  forming  in 
very  small  amount  at  82°.  Heating  to  boiling  caused  no  further 
sejiaration  ;  but  the  addition  of  a  little  acetic  acid  and  sodium  chloride 
gave  a  small  precipitate.  The  bod}'  coagulating  at  52°  formed  the 
greater  paid  of  the  proteid  in  solution.  The  complete  coagulation  of 
this  reijuired  a  temperature  of  65°,  ljut  was  greatly  facilitated  by  the’ 
addition  of  sodium  chloride. 

Further  e.xperiments  showed  that  extraction  of  the  Hour  with  10  per 
cent,  salt  (sodium  chloride)  solution  yielded  tlie  same  proteids,  so  that 
the  subsequent  examination  of  the  water-soluble  substances  was  confined 
to  extracts  originally  made  with  10  per  cent,  salt  solution  after  separa¬ 
tion  of  the  globulins  by  dialysis. 

Again,  4000  grams  of  straight  flour  were  treated  with  8  litres  of 
10  per  cent,  brine,  allowed  to  subside  over  night,  and  the  supernatant 
licjuid  filtered  off.  Another  2  litres  of  the  brine  were  addtsl  to  the 
residue,  which  was  stirred  up,  allowed  to  settle,  and  again  filtered.  The 
filtrate  was  saturated  with  ammonium  suliihate  as  i-apidly  as  collected. 
The  precipitate  thus  procured  was  hltei-ed  and  redi.ssolved  in  10  per 
cent,  brine,  filtered  clear,  and  dialysc'd  until  tiie  chloride  had  dis¬ 
appeared.  This  resulted  in  the  precipitation  of  a  globulin,  which  was 
filtered  off,  and  the  .solution  again  dialysed  for  14  days,  but  with  no 
further  jiroduction  of  globulin. 

The  gloliulin-free  solution  was  next  examined  by  slowly  heating  a 
portion  — turbidity  occurred  at  48°,  flocks  separating  at  55°.  Aft(>r  heat¬ 
ing  at  65°,  the  coagulum  was  filtered  off.  Further  heating  resulted  in  a 
minute  amount  of  coagulum  being  fornusl  at  80°  :  after  filttuang,  there 
was  no  further  precipitate  on  boiling,  and  nothing  was  ol/tained  by 
adding  a ////A  salt  and  acetic  acid.  On  adding  20  per  cent,  salt  s))lution 
and  a  little  acetic  acid  to  the  oi'iginal  solution,  a  precijiitate  was  camsed  ; 
another  jiortion  was  first  heated  to  65°,  and  a  tiurd  to  95  ,  and  filtered 
before*  adding  the  salt  solution  and  acetic  acid.  The*  second  gave*  less, 
and  the*  third  least  ])recij>itat(*.  The  filtrate*  fi*e)ni  the*  tii'st  e)f  these 
poi'tie)us,  when  neutrali.se*el  iinel  be)ile*el,  gave*  no  ])i-e*cipil:ite*,  sliowing 
that,  :is  wiis  te)  be*  expe'cte*el,  the  .se*]iiiriitie)n  of  iilbumin  liy  pre*cij)itiition 
witli  salt  iuiil  aciel  weis  complete. 

This  gl()bulin-fre*e  .se)lutie)n  gave*  ;i  ])i'e*cipitate'  een  siitui'iition  with 
seeelium  cldeiride*,  tlie  filtreite*  be*came*  lle)ccule*nt  :it  56°,  with  nn  furthe*r 
pre*cipil;ite  on  fuidher  he*:iting,  sheewing  tluit  the*  higlie*r  e'eeaguhiting 
pi’e)te*iel  hael  bee*n  thus  re*me)ve*el.  Tre;itme*nt  eef  tlie*  globulin  fre'e 
solution  with  nitric  eiciel  yielele*el  a  pre*ciiiitaf e*.  a  peirtion  of  w  hie'h  elis- 
solve*el  on  hi*ating,  the*  re*st  re*m:iining  in.seeluble* :  afti*r  filtration,  the 
filtrate*  eh‘pe).siti*ei  a  pre*cipit;ile*  on  cooling,  whie'h  again  elisseilve'il  em 
|■e*-application  of  he*at.  The  liltrate*  freim  the  salt  ;inil  ae-id  ])re*ciiiitate 
eliel  not  give*  this  re*actie)n,  which  is  e'h;iracte*risl ie*  eif  ce*rtain  prote‘e)se*s, 
anel  shows  that  the  salt  and  :icid  pre*cipiliite  cemteiins  :i  jireite'iise,  teigether 
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with  the  alliuiniiis.  Three  distinct  proteid  substances  are  thus  rc'cognised 
which  are  soluble  in  j)ure  wat(*i‘ ;  two  coagulable,  oiu^  at  a  higher  tem¬ 
perature  than  tlie  other,  and  iiresuniably  l)oth  allmmins  and  a  proteose. 

To  make  sure  tliat  tlie  body,  which  was  apparently  an  albunnn,  was 
not  a  myosin-like  globulin  held  in  solution  by  the  salts  naturally  present 
in  rivt'r  water  used  for  dialysis,  a  strong  aqueous  solution  of  winter 
wheat  meal  svas  dialysed  into  distilled  water  in  the  outer  vessel.  The 
•solution  still  coagulated  at  54°,  and  contained  in  250  c.c.  oidy  0-0008 
gram  of  mineral  matter,  proving  the  substance  was  an  albumin. 

191.  Albumins. — The  remainder  of  the  globulin-free  solution, 
4ifter  making  fr)regoing  tests,  was  heated  to  Gl°,  the  precipitate  filtered, 
washed  witli  water,  alcohol,  absolute  alcohol,  ami  ether,  dried  over 
sulphuric  acid,  and  heated  to  110°;  this  was  called  Preparation  1. 

A  duplicate  lot  was  prepared  in  the  same  way,  and  yielded  G--!  grams 
from  10,000  grams  of  hour  ;  this  Avas  called  Preparation  2. 

The  filtrate  from  Preparation  2  Avas  further  heated  to  75°,  and  the 
small  amount  of  precipitate  Avashed  Avith  alcohol  and  dried  as  before  ; 
this  Avas  called  Preparation  .'h 

Another  preparation  was  made  on  the  same  Hour  by  extracting  10 
per  cent,  brine,  and  dialysing  at  once  Avithout  precipitation  by  ammonium 
sulphate.  After  the  separation  of  the  globulins,  the  albumins  Avere 
precipitated  by  at  once  raising  the  temperature  to  90°;  this,  after 
drying,  constituted  the  Prei)aration  No.  4. 

Another  preparatiiiii  Avas  made  on  the  spring  Avheat  “shorts,”  by 
extracting  Avith  10  per  cent,  salt  .solution,  treatment  Avith  ammonium 
sulphate,  dialysis,  coagulating  albumin  at  G5°,  and  drying;  this  was 
Preparation  5. 

These  substances  gave  on  analysis  the  folloAving  results  : — ■ 


.ANALYSES  OE  COACU'LATED  AVHEAT  ALHU.AIIX. 
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0 

S  i  4 

5 

Average. 

Carbon, 

5:?-27 

53  OG 

1  p 

52-71 

53-02 

Hydrogen,  ... 

G-s:5 

G-S2 

G-87 

G-S5 

G  S4 

Nitr(jgen, 

lG-95 

17-01 

lG-94 

1G-2G 

1G-S3 

IG-SO 

Sulphur, 

1-27 

1-30 

1-20 

1-34 

1  -28 

Oxygen, 

21-G8 

2 1  -S  1 

22-G5 

22-27 

22-OG 

100-00 

100-00 

... 

100-00 

100-00 

100-00 

These  figures  agi-e(!  vei-y  clo.sely,  except  that  flu'  nitrogen  in  No.  4  is 
loAv:  as  four  determinations  giv(\  c(jncordant  i-esults,  Osborne  and  Voor- 
bees  consider  it  j)ossible  that  some  (jf  the  niti'ogen  may  be  lost  at  tlu; 
liigliei-  temp(.‘rature. 

192.  Proteoses.  -Vs  already  slated,  there  are  found  in  the 
solution  after  sepai-ating  tin;  globulins  by  dialysis,  and  tlu;  albumins  by 
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heatiiiii;,  small  (juantities  of  one  or  more  prot(>oses  wliicli  are  almost, 
wholly  jn‘ecij)itatecl  by  saturation  with  sodium  chloride.  On  concen¬ 
trating;  the  liltei'ed  .solution,  after  the  removal  of  albumins  by  heat,  a 
coagulum  gradually  devidops,  which  must  be  deri\e<l  from  the  proteose¬ 
like  proteid  still  remaining;  in  solution  bi'fore  concentr.ation. 

This  body  gave  on  analysis  the  following  figures  : — 


Carbon, 

51 'St) 

Hydrogen, 

()-82 

Nitrogen,  ... 

17-;12 

Suljihur,  ) 

24-00 

Oxygen,  J 

100-00 

The  .small  (juantity  of  pi'oteose  still  remaining  after  removal  of  the 
coagulum  was  not  .separated  for  analy.sis.  In  analyses  (pioted  later, 
paragraph  '207,  the  amount  of  this  proteose  is  seen  to  be  as  much  or 
more  than  that  of  the  coagulum. 

193.  Globulin. —  The.  extraction  of  this  body  has  already  been 
referred  to  :  in  a  direct  experiment  for  the  ju-eparation  of  globulin, 
10,000  grams  of  “straight”  flour  were  extracted  with  .‘14  litres  of  10 
])er  cent,  salt  solution,  stirred  and  allowed  to  stand  over  night.  This 
\vas  filtered,  precipitated  by  saturation  with  ammonium  sulphate, 
filtered  and  again  dissolved  in  10  per  cent,  bi’ine.  The  solution  pro¬ 
duced  was  exceedingly  viscid,  and  filtered  with  extreme  difliculty  ;  this 
was  placed  in  a  dialy.ser  and  left  in  a  stream  of  running  water  until  th(‘ 
chlorides  were  removed.  The  globulin  gradually  separated  out  in 
minute  paiTicles  of  spheroidal  form.  The  precipitate  was  filtered, 
washed  with  water,  alcohol,  and  ether,  dried  (jver  suljihuric  acid,  and 
then  weighed  .5-8  grams.  Gloladin,  thus  prepared,  dissolves  in  10  })er 
cent,  salt  solution,  fi'om  which  it  is  preci])itated  by  the  addition  of  water. 
Saturation  with  sodium  chloride  givi's  no  precipitate,  but  saturation 
with  magnesium  sulphate,  or  ammonium  sulphate,  completely  precipi¬ 
tates  the  globulin.  The  .solution  in  10  iier  cent,  briiu'  gives,  on  slow 
heating,  a  very  slight  turbidity  at  87“,  which  increases  slightly  up  to 
09°.  Dried  at  110°,  this  globulin  constituted  Preparation  8. 

A  jircparation  was  also  made  in  the  same  way,  excej't  that  the  pre- 
cijiitation  with  ammonium  suljihate  was  omitted.  Again  the  solution 
was  remarkably  viscid,  a  pi'operty  possibly  due  to  fht'  })resence  of  gum, 
for  the  pure  solution  of  globulin  in  10  per  emit,  bi'ine  showed  no  traci' 
of  it,  neither  did  an  a(|U(“ous  solution  of  the  Hour.  ( )n  dissolving  up 
the  globulin  obtained  by  dialysis  in  10  per  cent,  salt  solution,  a  residiu' 
remains,  consisting  of  an  “  albuminaft' ”  derived  from  the  globulin. 
This  globulin  constituted  Preparation  9. 

The  globulin  was  also  extracted  from  the  “shoi'ts,”  and  its  totid 
([uantity  amounted  to  neaidy  twice  as  much  as  was  siniilai'ly  obtained 
from  a  'lik(‘  (piantity  of  Hour.  This  globulin  was  Prejiai-ation  10. 

The  globulins  ga\  c  on  analysis  the  follow  ing  results  : — 
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!) 

1(1 

Averas'e. 

Carbon,  ... 

51  07 

51-01 

51-00 

51-03 

Ilvdrogen, 

0-75 

(i-i)7 

(i-83 

6-85 

Nitrogen, 

18-:>7 

18-48 

18-26 

18-39 

Sulphur, 

9.3-91 

(  0-71 
]  2-9-83 

0-66 

0-69 

Oxygen,  j 

23-25 

23  04 

100-00 

100-00 

100-00 

100-00 

In  contradistinction  to  the  views  held  by  Weyl  and  Ilischoff,  and 
Mai'tin,  t)sl)orne  and  Vuorhees  have  only  found  in  extracts  of  wheat 
meal,  either  sju'ing  or  winter  wheat,  the  one  globulin  just  described  ; 
which  in  properties  and  composition  closely  I'esembles  those  globulins 
found  in  other  seeds,  and  assigned  to  the  class  of  vegetable  vitellins. 

194.  Proteid  Soluble  in  Dilute  Alcohol;  Gliadin. — 

\\  hether  wheat  Hour  be  extracted  direct  with  dilute  alcoliol,  or  after 
treatment  with  10  per  cent,  salt  solution,  a  considerable  amount  of 
proteid  is  obtained.  The  same  is  the  case  if  the  previously  extracted 
gluten  be  subjected  to  alcohol  extraction.  Extracts  were  made  by 
alcohol  under  all  these  conditions,  and  subjected  to  repeated  fractional 
precipitations,  in  order  to  learn  whether  a  single  proteid  body  or  a 
mixture  had  been  obtained. 


195.  Direct  Alcoholic  Extraction.  In  direct  treatment  with 
alcohol,  oOOO  grams  of  “straight”  Hour  w’ere  extracted  with  10  litres  of 
alcohol,  0-90  specific  gravity,  and  allowed  to  soak  over  night.  The 
mixture  was  then  stirred,  allowed  to  settle,  and  the  supernatant  li(juid 
poured  otf.  Thr(>e  litres  moi-e  of  alcoliol  of  tlu*  same  strength  were 
added,  and  jiresuniably  stirred  in  ;  after  standing,  the  clear  liquid  was 
poured  off,  and  the  re.sidue  put  in  a  screw  press  and  squeezed  nearly 
dry.  'Ihe  whole  of  the  liquid  thus  obtained  was  mi.xed,  and  constituted 
“Extract  1.’  The  residin'  was  again  treated  with  -i  litres  of  0’90 
alcohol,  and  once  more  pressed  nearly  diy  ;  this  li(|uid  was  “  Extract 
’2.”  The  same  proce.ss  was  twice  more  ri'peated,  and  the  two  extracts 
mixed,  which  gave  “  Extract  .‘1.”  Each  of  the  three  extracts  was 
filtered  clear,  and  concentrated  separately  to  one-third  its  volume,  and 
after  cooling  decanted  from  the  very  glutinous  viscid  mass  which  had 
.separated.  This  jirecipitated  mass  was  in  each  case  dissolved  in  a  small 
amount  of  hot  alcohol,  sp.  gr.  0'90,  and  the  solution  allowed  to  cool 
over  night  :  most  of  the  substance  si'jiarated  on  cooling,  and  the  liquid 
was  decanted  fi'om  it.  d’he  solutions  w('r(^  tri'ated  with  a  (|uantity  of 
«listilled  water  and  a  litth;  sodium  chloridii  added,  the  j>rotei(l  was  thus 
pi'ccijiitated,  washed  with  water,  absolub'  alcohol,  and  ether,  and  dri<'d. 
The  I'csidue  was  subject(‘d  to  a  .serii's  of  fractional  jiri'cipitations  basi'd 
on  the  ])rincii)le  of  ])artially  dissolving  with  alcohol  of  U  S'JO  s]).  gr., 
and  jirecipitating  from  the  solution  by  flu'  addition  of  small  (juantitic's 
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of  sodium  cliloi'ide  solution,  wliidi  precipitate  was  waslied,  dehydrated 
with  absolute  alcohol,  digested  with  etlu'r,  and  (h-ied  over  sulphuric 
acid.  A  portion  of  the  j)rincipal  fraction  was  again  divided  liy  solution 
in  250  c.c.  of  0’90  alcohol,  and  partial  pi'ecipitation  hy  poui'ing  the 
solution  into  800  c.c.  of  absolute  alcohol  ;  precipitate  and  solution  were 
again  treated  separately.  As  the  r(‘sult  of  a  sei'ies  of  fractional  pre¬ 
cipitations,  altogether  12  fractions  were  j>re])ared  and  then  analysed. 
These  constituted  Pre])arations  11  to  23.  The  results  of  the  whole 
series  are  given  by  Osborne  and  Yoorhees,  but  5  of  th(“  fractions  are 
discarded  fi'oin  the  final  comparison,  hecauso  of  theii-  being  imj»ure,  for 
obvious  reasons.  Some,  for  example,  contain  fat,  while  others  have 
concentrated  in  them  the  solid  matter  which  in  a  series  of  tilti’ations 
has  passed  through  the  filter  papers.  Subjoined  is  given  the  results  of 
these  various  analyses,  and  the  weight  of  each  fraction  which  was 
obtained  : — 
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Weiglit  erf  j 

1 

fractiejn  in 

12-40 

8-60 

32-26 

5-34,  17-43 

63-0 

grain.s  J 

Nos.  2-1,  25,  2G  are  fractional  re-preciiiitations  of  fraction  No.  21. 

A  study  of  this  series  of  analyses  shows  that  the  whole  of  the  fractions 
an'  in  ri'inarkable  agi'eement,  and  that  no  fractional  si'paration  of  tlu* 
exti'acti'd  ])i’oteid  has  been  ellt'cted.  for  ('.xainpk'.  Nos.  lo  and  IG, 
which  are  aqueous  solutions,  have  the  same  composition  as  those  from 
solution  in  0-820  alcohol,  and  also  as  tlu*  n'sidue  remaining  after  tri'at 
ment  with  tlii'se  i-i'agents.  ( )sboi-ne  and  Voorhei's  drr.w  tlu'  conclusion 
that  it  may  bi*  safely  conchuh'd  that  wlu'at  contains  but  one  proteid 
soluble  in  dilute  alcoiiol.  Tlu*  total  amount  of  proti'id  contaiiu'd  in  tin' 
whole  of  tlu'si'  jn-eparations  is  207-83  grams,  being  ('(pial  to  1-lG  pi'i- 
cent.  of  the  Hour. 

196.  Alcoholic  Extraction  after  Salt  Solution  Extrac¬ 
tion. —  Ibir  this  purpose'  1000  gi-ams  of  “straight  ’  tiour  were'  taki'ii, 
('Xtracte'el  with  10  pe'i-  ce'iit.  salt  .solutieeii  see  le>ng  as  anything  was 
remieive'el,  anel  the'ii  the'  re'siehue  sepU'e'/.e'el  as  elt-y  as  jieissibh'  in  a  se-re'w 
]ircss  d'his  re'sieluee  w:is  tlie'ii  tre'ate'el  with  ale-eelml  e)f  such  ;i  stre'iigth 
as  to  yie'lel  with  the'  wate'f  re'taine'el  in  the'  lleuii-  as  ne'ai'ly  ;is  peessibh'  ei 
sedutiem  cemteiining  75  pe-r  e-e'iit.  eif  ale-eelml.  Itige'stiem  with  this  seebe'ul 
was  cemtinue'el  feer  twee  ekiys  ;  thee  e'xtrae-t  w;is  sepu'e'/.e'el  in  a  pi'e'ss,  anel 
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the  jn’ocess  r(‘]>e;iterl  three  times,  <fivin>f  alto.n'etlier  four  extracts.  Tliese 
were  eoiieenti-ated  to  small  bulk,  ami  the  solution  decanted  from  the 
separated  mass,  which  was  washed  with  distilled  water,  re-pi-(H‘ipitated 
hv  sodium  chloride,  wa.shed  with  absolute  alcohol,  diifpsted  with  ether, 
and  dih'd  over  sulphuric  acid.  The  precipitates  obtained  from  the 
water  washings  by  adding  salt  were  treated  in  the  same  way.  The  total 
weight  of  these  prejrirations  was  loj'-ir)  grams,  ecpial  to  3-94  per  cent, 
of  Hour,  as  against  Id 6  per  cent,  obtained  by  direct  extraction,  showing 
that  the  dilute  alcohol  extract  is  ditlerent  and  distinct  from  the  pro- 
teids  soluble  in  water.  These  constituted  Preparations  27 — 31.  The 
following  table  gives  the  result  of  their  analyses  : — 

ANALYSKS  OF  “  FUAOTIOXS  ”  OF  WIIK.VT  PROTFID  OUTAINRD  }?V  F-XTIOVCTIOX 


WFI'II  DILFTK  ALCOHOL  AFTER  SODIU.M  CHLORIDE  EXTRACTIOX. 


•27 

28 

29 

30 

31 

Carlxm, 

.'32-69 

52-72 

52-71 

52-65  : 

Hydrogen,  ... 

6-84 

6-86 

6-81 

6-83  ! 

■  Nitrogen, 

17-73 

17-89 

17-75 

17-08 

17-79 

1  Suljthur, 

1-02 

0-95 

1-10 

1-08 

Oxygen, 

1 

21-72 

21-58 

21-63 

21-65 

j 

!  Weight  of  fraction  in  1 

100-00 

82-0 

100-00 

57-0 

lOo-OO 

11-3 

1-35 

1  <10-00 

5-8 

1  grams, . f 

1 

Nos.  27-30  are  the  precipitates  obtained  from  the  four  extracts;  No. 
31  is  obtained  from  the  water  washings  of  27  and  28. 

The  results  of  these  analyses  agree  very  closely  among  themselves, 
and  also  with  the  series  obtained  by  direct  alcoholic  e.xtraction. 

197.  Extraction  of  Gluten  with  Dilute  Alcohol.— For 

the  preparation  of  gluten,  2000  grams  of  “  straight  ”  Hour  were  made 
into  dough  with  flistilled  water  at  20°,  and  tlum  washed  in  a  stri'am  of 
river  water  at  C.  When  nearly  the  whole  of  the  starch  had  thus  been 
removerl,  the  gluten  was  chopjied  line  and  digested  with  alcohol  of  0’90 
sp.  gr.  at  a  temperature  of  about  20°.  This  extraction  was  rep(‘ated 
with  fi-esh  jiortions  of  alcohol  of  the  same  strength  so  long  as  anything 
was  removed.  The  extracts  wm-e  united,  Hltenal  ch'ar,  and  evaporated 
down  to  one-fourth  tludr  original  volume  This  was  allowed  to  stand 
over  night,  and  the  supernatant  li(|uid  decantisl  from  the  separated 
proteid.  This  latter  was  then  dehydrated  with  absolute  alcohol.  The 
original  mother-licjuor  fixmi  which  the  proteid  had  separated,  and  also 
the  absolute  alcohol  used  for  (hdiydi'ating,  wen^  (‘ach  pri'cipitated  by  a 
small  (piantity  of  sodium-chloride  solution,  'riie  three  ]iro<iucts  were* 
united,  digi'sted  with  absoluti*  alcohol,  and  then  with  absolute  ether. 
After  flrying  over  suljihui'ic  acid,  the  l^i-e))ai'at ion  No.  32  wcughed  S2'() 
gi'ams,  and  foi-med  I'lO  jier  cent,  of  the  Hour  taken.  In  oi'dei’  to  de- 
termiiH^  whether  this  substamai  was  ii  singh'  ]irot(‘id  or  a  mixture  of 
m(jr(‘  than  one,  the  ju-ocess  of  fractional  pnaujiitation  was  again  mn- 
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ployed.  Tliiity  grains  of  Prejiaratioii  32  were  dissolved  in  0'90  alcohol, 
concentrated  to  small  volume,  and  then  stroii'^'  alcohol  addcal  till  about 
half  the  substance  taken  had  been  preci}>itated.  The  j)reci]utat(^  was 
treated  with  absolute  alcohol,  dried  over  sulphuric  acirl,  ami  found  to 
weigh  12  grams  ;  this  constituted  Preparation  33.  The  solution  was 
precipitated  with  water,  dehydrated  and  dried  over  suljdiuric  acid  ;  it 
weighed  10  grams,  and  wars  marked  Pieparation  3-1.  These  substances 
had  the  following  composition  : — 

AXALYSES  OF  “FRACTIONS'’  OF  THE  WHEAT  PROTEIH  OliTAIXED  1!Y 
E.XTRACTION  OF  (HXri'EN  WITH  I)ILl'’rE  ALCOHOL. 


;v2 

33 

34 

Carbon, 

oH’oS 

52-68 

52-84 

llvdrcgen,  ... 

6  67 

6-78 

/  - 1 8 

Nitrogen, 

17-65 

17-65 

17-57 

Sulphur, 

1-08 

1-09 

O.xygen, 

2  2 -02 

21-80 

100-00 

1 00-00 

100-00 

In  this  case  also  the  analy.ses  show  clearly  that  no  .separation  into 
proteids  of  differing  composition  had  thus  been  effected. 

198.  Extraction  of  “Shorts”  with  Dilute  Alcohol. — 

In  order  to  determine  whether  the  “  shorts  ”  or  bran  Hour  yielded  the 
same  body  to  dilute  alcohol,  2000  grams  were  taken  and  subjected  to 
much  the  sanu'  process  of  extraction  as  was  Hour,  exce})t  that  greater 
precautions  were  necessary  in  order  to  remove  impurities.  Two  Pre¬ 
parations,  Nos  36  and  37,  were  obtained,  which  had  the  following 
composition  : — 


ANALYSES  OF  FRACTIONS  OF  WHE.Vr  PROTEII)  OHTAINEI)  IJY 
EXTRACTION  OF  “  SHORTS  ”  WITH  DILUTE  ALCOHOL. 


3G 

37 

Carbon, 
Hydrogen,  ... 
Niti-ogen, 
Sul])hur,  1  ... 
Oxygen,  /  ... 

... 

52-85 
6-8  1 
17-48 

22-86 

52-74 

6  87 

1 7-67 

22-72 

100-00 

100-00 

A  comparison  of  these  ligures  with  thns(‘  whicli  have  preceded  shows 
(hat  the  proteid  extracted  from  the  bran  has  a  similar  composition  to 
that  olitained  from  the  Hour. 
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199.  Extraction  of  Whole  Wheat  Meal  with  Dilute 
Alcohol. — In  view  of  the  fact  tliat  llittliauseii,  and  j)rnl)ably  others, 
employed  wliole  wheat  meal  in  their  investi^'ations  of  tlie  composition 
of  wheat  pi'oteids,  Osborne  and  Yooihec's  decided  to  make  some  e.\- 
periments  on  wheat  meals,  in  addition  to  those  previously  described. 
Accordin,c;lv,  1000  ■trains  of  freshly  ,<j;round  whohi  sprinj;-  wheat  meal 
were  taken,  made  into  a  doujfh,  and  the  ^duten  extracted.  This  was 
chop})ed  fine,  thoroughly  extracted  with  0'90  alcohol,  the  e.vtract  con¬ 
centrated,  and  the  proteid  separated  by  cooling.  This  deposit  was 
dissolved  as  far  as  jmssible  in  dilute  alcohol,  and  the  insoluble  substance 
washed  with  absolute  alcohol,  and  ether,  and  dried  over  sulphuric  acid. 
This  was  Preparation  .‘IS.  The  solution  was  jirecipitated  with  absolute 
alcohol,  dried  as  usual,  and  constituted  Preparation  39  ;  the  filtrate 
from  this  was  concentrated  to  small  volume,  poured  into  absolute 
alcohol,  and  the  ju'ecipitate  washed  and  dried  as  before,  giving  Pre¬ 
paration  40. 

In  a  similar  manner.  Preparations  were  made  from  winter  wheat  meal; 
the  ■  coagulated  proteid  was  labelled  41,  and  that  ol)tained  by  further 
digestion,  42.  The.se  had  the  following  comiiosition  : — 


.VX.\LYSES  OF  WHEAT  PROTEIDS  OBTAINED  BV  EXTRACTION  OF  WHOLE 
WHEAT  MEAL  WITH  DILUTE  ALCOHOL. 


Sl'IUNG  WllKAT. 

Winter  Wheat. 

38 

39 

40 

41 

4-2 

Carbon, 

52-90 

52-89 

53-16 

52-82 

52-68 

Hvdro,gen, 

(i-99 

687 

6-83 

6-88 

6-81 

Nitrogen, 

17-52 

18-06 

17-75 

17-55 

17-63 

Suljihur, 

1-43 

0-92 

0-96 

1  o-i.rrj 

•>•>•88 

Oxygen, 

21 -IG 

21-26 

21  •30 

r- 

lOO-dO 

100-00 

100-00 

100-00 

100-00 

riiroughout  the  wl 

lole  series 

there  is  no  essentia 

diilerence 

in  coni- 

posititui,  nor  in  physical  properties ;  nor  was  the  proteid  altered  in 
composition  by  solution  in  dilute  caustic  potash,  and  re-])recipitation  liy 
an  e(juivalent  (juantity  of  hydrochloric  acid  ;  neither,  so  far  as  it  could 
be  observed,  was  its  solubility  altered. 

The  composition  of  this  proteid,  as  obtained  by  averaging  the  pre¬ 
ceding  figures,  is  the  following: — 

Carbon,  ... 

1  lydrogen. 


Nitrogen, 
Sulphur, 
Oxygen,  ... 


oL'n  2 
(>•80 
17G(; 

I  1 1 
21-ti2 


100  00 

200.  Properties  of  Proteid  extracted  by  Dilute  Alcohol. 

-  -If  this  proteid  l)e  dehydriited  l)y  absolute  alcohol,  ;ind  tlioroughly  dried 
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over  Hulpluiric  ucid,  it  fnnns  ;i  snow-wliite  friable  mass  easily  reduced  to 
powder.  When  dried  from  weak  alcohol  or  water,  it  forms  an  amorj)hous 
transi)arent  substance,  closely  resembliii"  pure  ^n^latin  in  aj)pearance, 
beino,  however,  rather  more  brittle  tlian  that  body.  In  the  cold,  dis¬ 
tilled  water  turns  the  substance  sticky,  and  a  ])art  dis.solves.  As  tlie 
water  is  warnual,  the  degri'c  of  solubility  increase.s,  and  with  boiling',  a 
considerable  quantity  <roes  into  solution.  A  portion  of  this  is  re-depo.sited 
on  cooling.  The  solution  in  pure  water  is  instantly  precipitated 
by  adding  a  very  minute  amount  of  sodium  chloride.  In 
alrsolute  alcohol  this  proteid  is  perfectly  in.soluble,  but  dissolves  on  the 
addition  of  water,  being  very  .soluble  in  70  to  75  per  cent,  alcohol. 
From  alcoliolic  solutions,  minute  quantities  of  salt  leadily  precipitate 
the  ju-oteid.  E.vceedingly  dilute  acids  and  alkalies  readily  dis.solve  this 
proteid,  whicli  is  again  })recipitated  apparently  unchanged  in  appearance 
and  composition  by  neutralisation. 

This  proteid  has  been  obtained  in  a  more  or  less  pure  form  by  earlier 
observers;  Taddei  first  gave  it  the  name  of  “gliadin.”  Ritthausen 
and  others  assumefl  that  it  consisted  of  a  mixture  of  two  or  more  sub¬ 
stances,  to  whicli  the  names  of  mucin  or  mucedin,  and  gliadin  or 
vegetable  gelatin  have  been  given.  Among  recent  observm-s,  IMartin 
found  in  gluten  only  one  proteid  soluble  in  dilute  alcohol,  to  which  he 
gave  the  name  of  “insolulile  phyt-alliumose,”  Imt,  curiously  enough, 
stated  tliat  flour  extracted  direct  with  76  to  80  per  cent,  alcohol  yielded 
no  soluble  proteid.  This  is  in  direct  opposition  to  the  n'sults  of  ( isliorne 
and  Vooi'hees,  and  also,  it  may  be  added,  to  those  of  the  author  of  the 
jiresent  work,  who,  prior  to  seeing  Osliorne,  and  A’oorhees’  paper,  made 
a  series  of  analyses  of  various  Hours,  in  which  a  direct  gliadin  estimation 
by  alcohol  was  included.  Tlu'se  results  are  given  in  Chapti'r  XXIII. 
Osborne  and  Voorhees  adoi)t  gliadin  as  the  original  and  appropriate 
name  for  the  wheat  proteid  soluble  in  dilute  alcohol.  They 
})oint  out  that  gliadin  is  absolutely  distinct  in  properties  and  composition 
from  the  alcohol-soluble  proteids  obtained  from  the  kernel  of  oats  and 
maize. 

201.  Proteid  Insoluble  in  Water,  Saline  Solutions,  and 
Alcohol  ;  Glutenin. — After  treatnumt  with  the  seides  of  ju-eviousl}' 
descrilx'd  solvents,  a  ju'oteifl  body  remains  in  wlasit  Hour  and  gluten, 
which  is  solid  le  only  in  dilute  acids  and  alkalies.  This  proteid  being 
especially  characteristic  of  gluten,  Osborne  and  Vooi’hees 
have  given  it  the  name  Glutenin. 

in  the  following  accounts  of  exti-action  of  glutenin,  it  is  throughout 
understood  that  tlu*  sejiarations  arc*  made  on  Hour  or  meal  which  has 
previously  been  exhausti'd  with  one  or  more  of  the  following  solvents:— 
W'atm-,  10  per  I'cnt.  salt  solution,  and  dilute  alcohol. 

202.  Extraction  of  Glutenin  from  “  Straight  ”  Flour 
after  Treatment  with  Brine  and  Dilute  Alcohol.  After 

comph'telv  exhausting  1000  grams  of  sti'aight  Hour  success! V(‘ly  with 
10  per  ceid.  luine  and  O  '.IO  sp.  gi'.  alcohol,  the  |•(‘sid^u'  was  extracted 
twice  with  01  ]ier  cmd.  potash  solution.  The  residual  proteid  was 
solulih*  in  this,  and  after  standing  threi'  days  at  a  teiiqierature  of  n  , 
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with  freijuent  stirrintr,  tlie  extiact  was  tiltevcd  on'iuid  allowed  to  stand 
in  a  cold  room  until  most  of  the.  finer  solid  im|mrities  had  subsided. 
The  still  turbid  solution  was  then  decanted  and  neuti’alised  with  0"_' 
per  cent,  hydrochloric  acid,  thereby  producing  a  juecipitate  which  sub¬ 
sided  rapidly,  leaving  a  milky  filtrate.  This  pn^cipitatc^  was  italissolved 
in  the  dilute  jiotash,  allowed  to  stand  in  order  to  deposit  im])urities, 
and  again  precipitated  with  0‘2  per  cent,  hydrochloi'ic  acid.  The  ])ro- 
teid  was  washed  with  watei’,  dilute  alcohol,  absolute  alcohol,  and  ether. 
This  ])i'e])aration  was  found  to  be  far  from  pure,  and  accordingly  a 
portion  of  it  was  again  dissolved  in  0’2  per  cent,  potash,  and  repeatedly 
filtered  through  very  dense  filter  paper  till  perfectly  clear.  As  this 
filtration  j)roceeded  very  slowly  the  operation  was  conducted  in  a  re¬ 
frigerator  at  a  tempei'ature  near  0’  C.  Two  successsive  portions  of  the 
filtrate  obtained  were  r(‘precij)itated  with  ()‘2  per  cent,  hydrochloric 
acid,  washed  with  water,  alcohol,  ether,  and  flried  over  sulphuric  acid, 
and  then  at  110°.  These  gave  Preparations  4.5  and  46.  It  wuis  found 
absolutely  necessaiy  to  filter  the  potash  solution  perfectly  clear,  as  other¬ 
wise  con.sidei'id)le  amounts  of  non-nitrogenous  matter  are  subsequently 
carried  down  with  the  j'l’ecipitate. 

203.  Extraction  of  Glutenin  after  Treatment  of  Dough 
with  Water  and  Exhaustion  with  Dilute  Alcohol. — A 
tlough  was  made  svith  2000  grams  of  spring  wheat  “straight  ”  Hour  ami 
distilled  water  ;  this  was  washed  with  river  water  till  freed  so  far  as 
possilde  from  starch.  The  gluten  was  e.xhausted  wdth  75  per  cent, 
alcohol,  and  the  insoluble  residue  di.ssolved  in  0’15  per  cent,  potash 
solution,  and  allowerl  to  stand  in  a  cold  room  for  4S  hours.  The  solu¬ 
tion  was  decanted,  precipitated  with  dilute  hydrochloric  acid,  washed 
thoroughly  with  water,  absolute  alcohol,  and  ether.  It  was  then  again 
di.ssolved  in  0  1  per  cent,  potash,  allowed  to  stand  over  niglit,  filtered 
till  perfectly  clear,  and  a  part  of  the  filtrate  precipitated  by  neutralising 
with  0’2  per  cent,  hydrochloric  acid.  This  ])reci])itat(‘  and  dried  as 
usual,  and  constituted  Preparation  4S. 

Another  lot  of  gluten  was  })rej)ared  in  the  same  way  from  1000 
grams  of  “straight”  flour,  extracted  with  alcohol  and  then  dissohuMl  in 
potash  watc'r.  After  standing  this  was  ju-ecipitated  by  adding  ac(‘tic 
acid  to  slightly  acid  reaction.  The  precipitate  was  waslied  witli  water, 
alcohol,  and  etlier,  and  again  dissoh'ed  in  potash  water,  I'eprecijiitated 
with  hydrochloric  acid,  find  figfiin  wfished  and  dried  iis  usinil  ov(‘r 
sulphuric  ficid.  A  pur(“  wliitff  light  imiss  Wfis  obtained,  whicli  w.is 
lufirked  Pr(q)arfition  51. 

In  ordei’  to  determine  whetlier  tin;  proteid  lost  finy  nitrogfm  by  pro¬ 
longed  solution  in  jfotfish  wfiter,  finother  lot  of  gluten  wfis  simihirly 
trfvated,  find  the  pot.ash  solution  kei)t  in  fin  icf'-chest  for  20  hours,  find 
then  precijiitfited  find  trcfitisl  in  the  usual  nifinm'r.  This  constituted 
Prejifirfition  52,  find  Inid  evidently  lost  but  exceedingly  little  nitrogen. 

204.  Extraction  of  Glut^^nin  after  Direct  Exhaustion 
of  Flour  with  Alcohol,  Water  Treatment  Omitted. 

Another  jirejifii'fition  was  imide  by  extrficting  200  griims  of  sjiring 
patent  llour  with  large  (piantitii's  of  fdcohol  of  O’OO  sp.  gr.,  then  Wfishing 
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the  Hour  with  absolute  alcoliol  and  dryini^  and  air-drying.  Tlie  dry  Hour 
was  tluni  made  into  a  dougli,  w  hicli  jiossessed  considerable  coherence, 
•showing  that  tin*  proteid  insoluble  in  alcohol  has  an  important  function 
in  dough  ])roduction.  The  dough  was  w'ashed  on  a  hair-sieve  under  a 
stri'am  of  water,  but  yielded  no  coherent  gluten.  Tlu'  washings  Avere 
allowed  to  std.tle,  and  the  sediment  treated  with  O'li  j)('r  cent,  potash. 
After  standing,  the  supernatant  licpiid  was  decanted,  pi-ecipitat(‘d  with 
dilute  hydrochloric  acid,  and  the  precipitate  allowed  to  settle.  It  was 
then  again  dissolved  in  dilute  potash,  Hltered  perfectly  clear  while  in 
the  ice  chest,  rejirecipitated,  and  washefl  and  dried  in  the  usual  manner, 
'riiis  constituted  Preparation  oG. 

Ajmther  experiment  was  made  by  direct  alcohol  treatment,  in  which 
1000  grams  of  “straight”  Hour  weiv  e.xhausted  with  0'90  alcohol,  and 
the  residue  S(iueezed  in  a  screw-press.  This  was  then  extracted  with 
0'2  jier  cent,  potash,  but  Hltration  was  imjiossible  osvdng  to  the  gummy 
nature  of  the  licpud.  An  ecpial  volume  of  alcohol,  sp.  gr  0'820,  was 
then  added,  and  after  long  standing  a  com2)arativ(“ly  clear  yellow- 
solution  w-as  syphoned  off  and  filtered  clear.  Tliis  was  precipitated 
with  hydrochloric  acirl,  and  the  precipitate  Hltered  off  ancl  again  dis¬ 
solved  in  potash,  Hltered  })erfectly  clear,  reprecipitated,  washed  with 
water,  dilute  and  then  absolute  alcohol,  and  ether.  '1  his  yiidded  Pre¬ 
paration  oT,  the  analysis  of  which  shows  that  the  s:ime  j)roteid  is  e.x- 
tracted  by  potash  water  fi’om  the  Hour  which  has  not  been  in  contact 
with  water  as  was  obtained  in  other  experiments. 

205.  Extraction  of  Glutenin  from  Gluten  of  Whole 

Wheat  Flour. — A  dough  was  made  from  1000  grams  of  whole  spring 
w  heat  meal,  washed  till  free  from  starch,  and  the  gluten  exhausted  with 
dilute  alcoliol.  The  residue  was  dissolved  in  dilute  ])otash,  allowed  to 
stand,  decanted,  i'e}irt‘cipitated,  and  the  precipitate  washed  with  water, 
diluti'  alcohol,  absolute  alcohol,  and  ether,  and  then  i-e-dissohed  in  (••2 
jier  cent,  potash  water.  This  was  Hltered  perfectly  clear,  and  precipi¬ 
tated  and  treated  in  the  usual  way.  The  drv  jiroteid  was  Preparation 
HS. 

A  ])reparation  was  madi*  in  the  Siime  manner  from  whole  winter  wheat 
meal,  which  constituted  Pri'paration  HO.  In  the  following  table,  analyses 
are  given  of  the  whole  of  the  glutenin  ]U'(‘parations  which  have  been 
<lescribed. 
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•1.) 

40 

48 

.u 

,")-2 

.^)0 

57 

f)S 

00 

CiU'hoti, 

r,'2  :iL’ 

r>2-:is 

.'i2  11l 

.')-2-U> 

r.2-o.-i 

1  [ydi'dguii, 

(i-iu 

()-S-2 

(>'8.') 

(i-Sl 

(i-ii2 

0-8:5 

Nitrodfii, 

17-n 

17-t)l 

17-lt) 

17 -Of 

17-20 

1 7 

17-ir. 

17--18 

.'-'uliiliur,  ...  1 
O.xyycii,  ...  j 

o-ui 

■2-2-7r> 

2:V2r> 

1-07 

-J2-0S 

1  -Ji 
-_'1-0S 

2.-i-:5;i 

2:i-i:i 

2:5-00 

1 

100-00 

100-00 

100-00 

100-00 

100-00  1100-00 

1 

100-00 

TIIK  I’lIOTEIDS. 


10<> 


206.  Properties  of  Glutenin.  The  characteristic  i-eactious  of 
uluteniii,  owing  to  its  comparative  insoliil)ility,  are  not  nuinei'ous.  A 
minute  (pmntity  is  dissolved  l)y  cold  water,  and  more  on  slightly 
warming.  Diluted  alcohol  also  dissolves  a  small  (piantity  of  proteiil  in 
the  cold,  and  a  larger  (juantity  on  hoiling,  which  again  ju-ecipitates  as 
the  liquid  cools.  It  is  just  possible  that  this  is  due  to  the  presence  of 
traces  of  gliadin,  but  in  face  of  the  very  careful  e.xhaustion  by  alcohol 
previous  to  preparation  r)f  glutenin,  it  is  more  pi\)bable  that  glutenin 
itself  is  slightly  solulile  both  in  warm  alcohol  aiul  warm  water. 

AVhen  freshh'  jrrecipitated  and  hydrated,  glutenin  is  soluble  iir  OT 
per  cent,  potash  solution,  and  0  2  per  cent,  hydrochloric  acid.  In  this 
condition  it  is  also  soluble  in  the  slightest  excess  of  sodium  carbonate 
solution  or  ammonia.  After  drying  over  sulphui-ic  acid,  it  becomes 
rather  less  soluble  in  all  these  reagents.  On  comparing  the  analyses  of 
gliadin  and  glutenin,  a  very  close  agreement  is  observed.  It  is  well 
known  that  many  proteids  pass  readily  into  conditions  in  which  their 
solubility  is  changed  without  any  alteration  in  their  composition,  capable 
of  detection  by  analysis.  Glutenin  may  therefore  be  considered  as  an 
altered  form  of  gliadin,  in  which  the  solubility  has  been  changed  in 
much  the  same  way  as  in  the  case  of  albuminates  derived  from  the 
globulins.  Osborne  and  Yoorhees  are  of  opinion  that  gluten  is  made 
up  of  two  forms  of  the  same  proteid,  one  being  soluble  in  cold  dilute 
alcohol,  and  the  other  not  soluble. 

207.  Amount  of  the  various  Proteids  contained  in 

Wheat.-  —The  percentage  of  each  proteid  present  in  whole-wheat  meal 
was  determined  by  an  analysis  on  1000  grams  of  meal  from  spring  and 
winter  wheats  respectively.  The  following  is  an  outline  of  the  analytic 
method  adopted,  which  was  the  .same  in  each  case.  To  1000  grams  of 
the  tine  meal  were  added  4000  c.c.  of  10  j)er  cent,  salt  solution,  and  the 
extract  filtered ;  2.500  c.c.  of  clear  extract  were  obtained  from  the 
spring  meal,  and  2000  from  the  winter  wheat  meal.  As  100  c.c.  of 
solution  were  used  to  each  25  grams  of  Hour, 

2500  c.c.  =  extract  from  625  grams  spring  meal,  and 
2000  c.c.  =  ,,  050  ,,  wdnter  meal. 

The  extracts  were  dialy.sed  for  live  days,  at  the  end  of  which  time 
they  were  free  from  chloilde.  The  pi-ecipitated  globulin  was  liltered, 
washed  with  distilled  watei',  alcohol,  absolute  alcohol,  and  ether,  and 
dried  at  110°.  The  hjlhjwing  weights  were  obtained  :  — 

3‘H398  grams  =  0‘024  per  cent,  globulin  in  spring  wheat. 

3-9205  ,,  =0-025  ,,  ,,  winter  „ 

The  filtrates  from  the  globulin  were  heated  to  (55°,  and  tlu*  coagula 
formed  at  that  tfunperature  rtunoved  by  lilti-ation,  washed  as  usual, 
dri(Hl  at  llfY,  and  weighed  with  the  following  i-esults: 

1-9714  grams  =  0-3 15  per  cent.  No.  1  albumin  in  spiing  wheat. 

1-9014  „  =U-302  „  ,,  wintc'i-  „ 

The  lilt  rates  from  tlu'se  were  heated  to  boiling,  and  the  second 
coagula  similarly  treated.  The  weights  obtained  were:  - 
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O’lT  lO  gniiiis  =  O-07G  j'Ci'  cent.  No.  '2  allminin  in  spring  wheat. 
O'.'IGSO  ,,  =0'0r)7  ,,  „  winter  ,, 

Tlie  filtrates  were  evaporated  iK'arly  to  dryness,  and  two  crops  of 
<-oagulated  proteid  removed,  waslied,  dried,  and  weiglied — together  they 
aniountt'd  to  : — 


l’G88G  grams  =  0’2G9  per  cent,  coagiilum  in  spring  wheat. 
1’451G  ,,  -  ,,  ,,  winter  ,, 


The  filtrates  from  the  coagula  were  next  again  evaporated  to  a  syrup, 
and,  as  no  insoluhle  matter  .separated,  were  precijiitated  hy  pouring 
into  stroma  alcohol,  the  i)recipitates  were  washed,  dissolvc'd  in  water 
and  reprecij)itated,  washed  with  absolute  alcohol  and  ether,  and  dried 
at  110“.  They  were  evidently  very  impure,  and  the  amount  of  j)roteid 
present  in  each  was  estimated  by  determining  the  nitrogen  and  multi¬ 
plying  by  G-25.  They  gave  in  this  way  the  following  results  : — 

1  •3:297  grams  =  0'21.3  per  cent  j)r()teose  and  pej)tone  in  spring  wheat. 

2-8063  ,,  =0-432  ,,  ,,  ,,  winter  ,, 


Collecting  these  figures,  the  sodium-chloride  solution  contained  the 
following  amounts  of  proteid  matter  : — 

spring  Wheat. 

0-G24  per  cent. 

0-391  „ 

0-2G9 
0-213  „ 


Clobulin, 

Two  Albumins  together, 
Coagiilum, 

Proteose, 


Winter  Wheat. 

0-G25  per  cent. 
0-3.-)9  „ 

0-223 
0-432  „ 


Totiil, 


1-491 


1-G39 


The  remainder  of  the  proteid  matter  constitutes  the  gluten,  and  was 
determined  in  the  following  manner — 200  grams  of  eiich  nusil  were 
made  into  it  dough,  and  w;ished  free  from  starch.  The  wet  gluten, 
freed  fi-om  iidhering  moisture,  was  then  weighed,  and  exactly  one  half 
tlried  at  1 10“  to  constant  weight. 

Spring  whe;it  yielded  12-G8o  per  cent,  dry  gluten. 

Winter  ,,  11-87)8  ,,  ,, 

'I'he  otluM-  liiilf  of  the  gluten  was  cut  uj)  fine,  and  extract'd  with 
alcohol  of  0-90  sp.  gr.  'I'he  extiiict  wiis  concentrated,  and  the  j)i-ecipi- 
tiited  i)i-oteiil  extnicted  with  ether  iind  dried  at  110°.  lleckoiu'd  on  the 
whole  meal, 

Spring  wheiit  giuten  yielded  4'3379  pi-r  o-nt.  gliiidin. 

Wintei-  ,,  ,,  •I•2I•'')4  ,,  ,, 


'I'he  residues,  iiftei-  exluiustion  with  idcohol,  Wi-re  then  dried  at  110° 
iuid  weighed.  lieckoned  on  llii-  v.liole  me;d, 

Spi'ing  wliciit  gluten  \  ielded  7-800  per  cent,  matter  insoluble  in  alcohol. 
\\  Intel-  ,,  ,,  )  »)04  ,,  ,,  ,, 

Nitrogen  determinations  were  tlam  made  in  tlu'  following  bodies  - - 
the  whole  me.d  insoUdile  alcohol  r<‘siilues,  dried  gluten,  and  tlu-  sediments 
of  the  water  used  for  wasliiiig  out  gluten,  after  being  washed  M’ith 
stroll"-  alcohol,  dried  and  weiglK-d.  'The  following  is  the  tabulated 
result  of  I  lie  \  arious  determinations:- 


THE  rUOTUlDS. 


Ill 


PROXIMATE  ANALYSIS  OF  I’HOTEIDS  OF  WHEAT. 

.SiiriiiK-  Winter. 

Total  uiti-ogen  in  the  meal,  ...  l-9.j0  per  cent.  T940  per  cent. 


Total  gluten  in  the  meal,... 

lll-taSr) 

11-858 

Part  of  gluten  insoluble  in  alcohol. 

7-800 

7-504 

Per  cent,  of  nitrogen  in  gluten,  ... 
Total  nitrogen  in  gluten  in  per  cent. 

12-010 

12-000 

5) 

of  Hour, 

Total  nitrogen  in  residue  of  gluten 

1-5222 

?) 

1-42:30 

insoluble  in  alcohol,  ... 

0-8245 

0-734G 

Total  nitrogen  extracted  l.y  alcohol, 
Gliadin  (X  x  5-G8,  assuming  ITTiO 

0-G977 

)> 

0-G884 

55 

per  cent,  of  X  in  gliadin),  ... 

3-9G;30 

3-9100 

55 

Gliadin  by  direct  weighing, 

Xitrogen  in  sediment  from  washing 

4-3:379 

4-2454 

55 

gluten. 

0-2239 

0-1552 

5J 

Spring  Wheat. 

Winter  Wheat.  | 

Nitrogen. 

Proteid. 

Nitrogen.  Proteid.  | 

j 

Glutenin, 

0-8245 

x5-G8=  4-683 

0-734Gx5-G8=  4-173 

Gliadin, 

0-G977 

x5-G8=  3-903 

0-G884  x  5-G8=  3  910 

Globulin, 

0-1148 

=  0-G24 

0-1148  =  0-625 

Albumin, 

0-0G57 

=  0-391 

0  0603  =  0-3.59 

Coagulum, 

0-0453 

=  0-2G9 

0-0379  =  0-223 

Proteose, 

0-0341 

=  0-213 

0-0791  =  0-432 

i  From  Water  i 

Washings  of 

0-2239 

X  5  G8  =  1-272 

0-1552  x  5  68=  0-881 

Gluten,  ...  1 

1 

'  Total,  ... 

2-0050 

11-415 

1-8703  10-603 

Meal . 

1 

2-10 

X  5-G8=  11-93 

1-94  X  5-68=  10-96 

lH.s])ection  of  the  above  figures  shows  that  the  gliadiii  h}'  direct 
weighing  agrees  fairly  well  with  that  estimated  from  a  nitrogen  de¬ 
termination.  The  residue  insoluble  in  .alcohol  is,  h(jwever,  very  much 
more  than  the  true  glutenin  ;  thus,  in  tlui  spring  wheat  the  insoluble 
residue  weighed  7 '80  per  ccmt.  of  the  meal,  wher(*as  tlie  glutenin  cal¬ 
culated  from  nitrogen  amounted  to  oidy  T()8.‘?,  leaving  IMIT  of  foreign 
matter  in  the  residue  insolubh;  in  alcohol.  Tin;  total  proteid  agi'ees  in 
each  case  very  closely  with  tin;  whole  found  by  direct  c'stimation  on  the 
meal. 

208.  The  Formation  of  Gluten.  -  So  far  as  is  known,  wheat 
is  the  only  pkint  who.sc;  seeds  contain  ju'oteuds  in  such  a  form  as  to 
enable!  them  to  be  .separated  in  a  cohei’ent  mass  from  tlie  otlier  con¬ 
stituents  by  washing  witli  w.ater.  Osboi  iU!  and  V^ooi-liees  have  e.xamined 
very  cai-efully  tlu!  views  pi-omulgated  on  this  j)oint  l)y  previous  ob- 
sei'vers  ;  juonnnent  among  these  is  tlie  “ferment”  hypothesis  of  NN  eyl 
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and  UiscliolV,  wlio,  as  proviously  statod,  considered  the  pi'oteids  of  wlieat 
meal  to  consist  principally  of  a  itlolndin  very  siniilai'  in  cliaract(n'  to 
myosin,  and  which  tliey  tiierefore,  termed  “  vegetable  myosin.”  This 
tiu'y  I'egarded  as  the  mothei'-suhstance  of  gluten,  which  on  the  addition 
of  water  is  changed  by  a  ferment,  hitherto  unisolated,  into  gluten,  as 
other  pi-oteids,  if  present  at  all,  exist  oidy  in  small  amount  ”  (Weyl 
and  Jlischoii).  The  exhaustive  analyses  previously  (pioted  show  that 
globulin  and  also  gliadin  form  oidy  about  lialf  the  total  proteid  of  the 
grain.  <  Isboiaie  and  Voorhees  point  out  that  gliadin  is  extract(>d  in 
similar  (juantity  from  diy  Hour  direct  by  alcohol,  as  is  vielderl  after 
treatment  with  10  per  cent,  sodium  chloride  .solution,  or  Ijy  direct  ex¬ 
traction  of  the  previously  washed  out  gluten.  Weyl  and  Uischoff  state 
that  with  the  aid  of  a  15  per  cent,  salt  solution  the  Hour  was  extracted 
till  no  proteid  could  be  detected  in  the  extract ;  the  residue  of  the  meal 
kneaded  with  water  then  gave  no  gluten.  If  the  ^^loluilin  substance  is 
extracted^  no  foDnation  of  gluten  takes  place!  Osborne  and  Yoorhee.s 
confirm  this  if  the  Hour  is  stirred  up  with  a  large  (juantity  of  salt 
solution,  and  then  extracted  rep(xitedly  with  fresh  (juantities  of  the 
solution.  But  they  say,  “  If,  however,  wheat  Hour  is  mixed  at  Hrst 
with  just  suHicient  salt  solution  to  make  a  Hrni  dough,  this  dough  may 
then  be  washed  indeHnitely  with  salt  solution,  and  will  3deld  gluten  as 
well  and  as  much  as  if  washed  with  water  alone.” 

This  statement  alone  is  scarcely  a  suHicient  disj)roof  of  Weyl  and 
BischoH's  position.  In  a  firm  dough  made  with  15  jier  cent,  salt  solu¬ 
tion,  the  (juantity  of  .salt  will  oid}'  amount  to  5  j)er  cent,  of  the  dough. 
As  nothing  has  been  removed  in  the  act  of  making  dough,  it  may  be 
reasonably  claimed  that  this  (juantity  of  salt  is  insulHcient  to  jtrevent 
th(‘  ferment  j)erforming  its  function,  and  thus  j)roducing  gluten  ;  while 
further,  the  gluten  once  formed  is  able  to  withstand  the  action  of  the 
salt  .solution  which  is  unable  to  decomj>ose  it.  Osborne  and  Yoorhees 
go  on  to  state  that  “  when  large  (juantities  of  .salt  solution  are  aj)j)lied 
at  onc(',  the  Hour  fails  to  unit(‘  to  a  coherent  mass,  and  cannot  after¬ 
wards  be  brought  together.”  This  action  of  salt  solution  in  larg(‘ 
(juantities  is  exjdaiiK'd  by  sub.sequent  ('Xj)eriments,  in  which  it  is  shown 
that  such  solution  mab'rially  modiHc^s  the  adhesive  nature  of  gliadin. 

W(*yl  and  BischoH's  exj)eriment  in  which  they  extracted  the  Hour 
with  90  i)er  c(mt.  alcohol  is  scarcely  conclusive,  because  according  to 
both  hyjjotheses  this  cvould  rvsult  in  tin'  non-formation  of  gluten.  In 
the  one  case  gloindin  would  be  coagulat(‘d,  and  in  the  otlau'  gliadin 
would  be  removed,  and  so  according  to  both  reasoners  no  gluten  could 
be  ju'oduced. 

iMoi'(‘  recentlv,  INIartin  has  advanced  a  somewhat  similar  theory  of 
gluten  formation  ;  he  Hnds  one  ]irot('i(l  in  gluten  .solubh'  in  alcohol,  and 
in  hot  water,  but  not  in  cold,  which  jiroteid  he  calls  an  insoluble  jHn't- 
albumose.  'I’lie  gliUnm  is  termed  by  him  “ gluten-libi'in.”  .M.artin  next 
iiKjuires:  Does  Hour  contain  gluten-fibrin'?  Does  it  contain  insolubh^ 
jihyt  albumo.se  1  1 1 e  states  t  hat  the  Hrst  (juestion  cannot  b('  answered 

directlv,  and  that,  if  |)hyt-albumose  originall\'  exist'd  in  the  tiour,  it 
should  b((  extract(‘(l  by  7(i-SU  ju-r  cent,  alcohol,  which,  however,  t'xtracts 
oidy  fat.  There  is  here  direct  conflict  of  exjicrimental  evidence,  as  tlu' 
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iiiiiilysi's  previimslv  (jiiotod  show  that  consich'rahle  (juaiitities  of  a  pro- 
teul  ari)  thus  oxtracted.  ^Martin  next  points  out  that  10  ])(‘r  cent, 
sodium  chloride  solution  extracts  a  large  quantity  of  gloladin  of  the 
invosin  type  and  of  alhumose.  Osborne  and  Voorhees  consider  tliat 
Martin  lias  made  the  mistake  of  taking  albumin  for  a  myosin  like 
globulin,  and,  owing  to  the  voluminous  nature  of  the  body  when 
coagulatt'd,  have  been  misled  as  to  its  amount.  Martin  furtlier  looks 
upon  the  in.soluble  alhumose  as  formed  from  the  soluble,  and  that  the 
globulin  is  tran.sformed  into  gluten-fibrin.  That  a  body  shouhl  be 
obtained  from  a  solution  of  globulin,  which  gave  the  same  reactions  as 
gluten-fibrin,  is  not  surprising,  as  so-called  albuminates,  having  no 
characteristic  reactions,  are  derived  from  nearly  all  globulins.  Martin 
tabulates  his  theory  as  follows  : — 

Gi  ’TEX—  (  — precur.sor,  globulin. 

~  I  Insoluble  alhumose —  „  soluble  alhumose. 

Osborne  and  Voorhees  cannot  admit  this  theory,  l^ecause  it  is  founded 
on  two  erroneous  observations  :  1st.  that  80  per  cent,  alcohol  does  not 
extract  proteid  from  Hour  ;  2nd.  that  at  least  one  half  the  j)roteid  of 
the  seed  is  a  myosin-like  globulin 

Osborne  and  Voorhees  conclude  that  no  ferment  action  is  involved 
in  the  formation  of  gluten,  and  that  it  contains  but  two  proteid  sul)- 
stances,  glutenin  and  gliadin,  and  that  these  exist  in  the  wheat  kernel 
in  the  same  form  as  in  the  gluten,  except  that  in  the  latter  they  are 
combined  with  about  thrice  their  weight  of  water.  This  opinion  is 
based  on  the  following  reasons  :  — 

1st.  Alcolnjl  extracts  the  same  gliadin  in  the  same  amount,  whether 
applied  directly  to  the  Hour,  to  the  gluten,  or  to  the  Hour  previously 
e.xtracted  with  10  per  cent,  sodium  chloride  solution. 

2nd.  Dilute  jiotash  solution  extracts  glutenin  of  uniform  compo.sition 
and  I’roperties  from  flour  which  has  been  extracted  with  alcohol,  or 
with  10  per  cent,  .sodium  chloride  solution  and  then  with  alcohol,  as  it 
extracts  from  gluten  which  has  been  exhausted  with  alcohol. 

Viewed  as  a  refutation  of  the  ferment  theory,  the  weak  point  of  this 
statement  is  that  in  ordei-  t(j  prejiare  gliadin  the  flour  is  in  all  ca.ses 
treated  with  water,  as  even  the  alcohol  used  contains  water  to  the  (sx- 
tent  of  30  ])er  cent,  (although  extraction  with  70  per  cent,  alcohol  is  a 
condition  the  reverse  of  favourable  to  ferment  action).  The  advocates 
of  the  ferment  theory  might  adduce  the  fact  that  small  (piantities  of 
ferment  substance  are  ca])able  of  changing  veiy  large  i[uantiti('s  of  the 
body  on  which  they  act,  and  further  might  suggest  that  the  small 
quantity  of  globulin  which  is  removed  by  treatment  with  sodium 
chloride  solution  is  the  ferment  in  question.  It  is  well  known  that 
Hour  contains  a  diastase  pivcipitated  by  alcohol,  wliich  presumably 
belongs  to  the  albumins  o!-  globulins  :  it  is  thei'efoi-c;  conceivabh;  that 
among  the  globulin,  albumin,  and  indelinite  prot(‘oses  of  wlu'at,  a  fei’- 
ment  may  (ixist  capable  in  the  ])res(‘nce  of  wat(‘r  of  pi'oducing  gliadin 
from  some  other  pr(‘-(>xisting  substance'.  It  is  dilHcult,  liowevei',  to 
prove  a  negative,  and  the  onus  of  proving  the  e.xistonce  of  ft'rnu'nt 
action  lies  rather  with  those  who  are  advocates  of  that  hypothesis  than 
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with  those  wliu  view  it  as  unnecessary.  ()s1)onie  and  Voorhees,  without 
actually  ahstdutely  disproving.;  the  existence  of  a  i;luteu-fennent,  account 
rationally  and  scientiticalh'  for  the  production  of  gluten  on  the  assump¬ 
tion  of  the  pre-existence  of  its  constituents  as  such  in  the  grain  ;  tlie 
balance  of  evidence  is  certainly  at  present  strongly  in  favour  of  the 
latter  hypothesis. 

The  following  experiments  are  adduced  to  show  that  both  glutenin 
and  gliadin  are  neces.sary  for  the  production  of  gluten.  A  portion  of 
Hour  was  washed  free  from  gliadin  by  alcohol  of  U’90  sp.  gr.,  and  next 
with  stronger  alcohol,  ami  finally  with  absolute  alcohol,  and  air  dried. 
The  residue  made  a  tolerably  coherent  dough,  but  much  less  tough  and 
elastic  than  tliat  obtained  from  the  untreated  Hour.  On  washing  this 
dough  most  carefully,  not  a  trace  of  gluten  could  be  obtained. 

In  another  experiment  7  5  grams  of  finely  ground  air-dried  gliadin 
w'ere  mixed  with  70  grams  of  starch,  and  distilled  water  added.  A 
plastic  dough  was  formed,  but  it  had  no  toughness.  On  adding  a  little 
10  per  cent,  sodium  chloride  solution  the  dough  became  tough  and 
elastic.  This  was  washed  with  great  care  with  cold  water,  a  little  salt 
solution  being  added  from  time  to  time ;  no  gluten  was,  however,  obtained. 

The  following  e.xperiment  shows  that  additional  gluten  is  formed 
when  glutenin  is  present,  by  the  adding  of  gliadin.  Two  portions  of 
100  grams  each  of  flour  were  taken,  and  to  one  of  them  5  grams  of 
gliadin  added.  Both  were  made  into  dough  with  the  same  quantity 
of  water.  The  two  doughs  exhibited  considerable  differences,  that 
containing  the  extra  gliadin  being  the  yellower  and  tougher  of  the  two. 
Gluten  was  extracted  from  each  by  washing,  aftei'  which  each  was 
weighed  in  the  w^et  condition,  that  containing  the  added  gliadin  weighed 
44'55  grams,  and  the  other  27‘65  grams.  On  drying  at  110°  the 
yield  of  diy  gluten  was  respectively  15-41  grams  and  9-56  grams;  the 
difference  being  5-85  grams,  which  amount  mor(!  than  covers  the  added 
gliadin. 

On  heating  finely  ground  air-dried  gliadin  wifh  a  small  (juantity  of 
distilled  water,  a  stick}'  ma,ss  is  formed  which,  on  the  addition  of  more 
distilled  water,  forms  a  turbid  solution.  But,  if  to  the  gliadin  moistened 
with  distilh'd  water  a  very  dilute  solution  of  salt  in  distill(‘d  water  is 
added,  the  gliadin  is  changed  into  a  very  coherent  vi.scid  mass  which 
adheres  to  evei-ything  it  touches,  and  can  be  drawn  out  into  long 
threads.  Treatment  of  gliadin  with  10  p(>r  cent,  salt  solution,  first  to 
moisten  it,  and  afterward  in  larger  (luantity,  serves  to  cau.st'  tlui  suh- 
stance  to  unit(!  in  a  j)lastic  mass  which  can  be  draM  ii  out  into  slieets 
and  strings,  l)ut  is  not  adhe.sive.  Tliis  t-xplains  the  non  success  of  Weyl 
and  Ihschotr's  e.xjK'riment  before  refei-red  to.  The  gliadin  is  the  binding 
matei'ial  which  causes  the  j)articles  of  Hour  to  adliert'  togethei-,  thus 
forming  a  dough.  But  the  gliadin  alone  is  not  suHicient  to  form  gluten, 
for  it  yields  a  soft  and  fluid  mass  which  breaks  up  (-ntindy  on  washing 
wdth  water.  The  insoluble  glutenin  is  ))i-obably  (‘ssential  as  ail'ording 
a  nucleus  to  which  the  gliadin  adheres,  and  from  which  it  is  not 
mechanically  carried  away  hy  the  wash  watf-r. 

209.  Summary. — The  following  an*  the  projierties  and  comj)osition 
of  the  prot(*ids  of  the  wheat  grain  :  — 


■niK  riiOTEiDs, 


1.  A  ln'longinif  to  the  vegetuhle  vitelliiis,  soluble  in  saline 

solutions,  luveipitated  thereffoni  by  dilution,  and  also  by  saturation 
with  inagnesiuiu  sul])hate  or  aniuioniuin  sulphate,  but  not  by  saturation 
with  sodium  chloride.  Partly  precipitated  by  boiling,  but  not  coagulated 
at  temperatures  beh)W  100°.  The  grain  contains  between  O’G  and  0‘7 
jier  cent,  of  globulin. 

’2.  An  allntniin,  coagulating  at  52°,  which  ditiers  from  animal  albumin 
in  being  precipitated  on  saturating  its  solutions  witli  sodium  chloi-ide, 
or  with  magnesium  sulphate,  but  not  i»recipitated  by  comph'tely 
removing  salts  by  dialysis  in  distilhal  water.  The  grain  contains 
Petween  Odl  and  OA  per  cent,  of  albumin. 

5.  A  proieose,  precipitated  (after  removing  globulin  l)y  dialysis,  and 
the  albumin  by  coagulation)  by  saturating  tlie  solution  with  sodium 
chloride,  or  by  adding  20  jier  cent,  of  sodium  chloride  and  acidulating 
with  acetic  acid.  Separates  as  a  coagulum  on  concentrating  the  solution, 
and  thus  yields  about  O'd  i)er  cent,  of  the  grain. 

The  solution  from  this  coagulum  still  contained  a  proteose-like  body 
which  was  not  obtainable  in  a  pure  state.  By  indirect  methods  it  is 
assumed  to  amount  to  from  0-2  to  OA  per  cent,  of  the  grain.  Both 
these  substance.s,  the  coagulum  and  the  proteose-like  body,  an'  deriva¬ 
tions  of  some  other  proteid  in  the  seed,  presumalily  the  p)roteose  first 
menti(med. 

-1.  Giuidui,  soluble  in  dilute  alcohol,  and  soluble  in  distilled  water  to 
opalescent  solutions,  which  are  precijiitated  by  adding  a  little  sodium 
chloride.  Completely  insoluble  in  absolute  alcohol,  but  slightly  soluble 
in  90  per  cent,  alcohol,  and  very  soluble  in  70 — 80  per  cent,  alcohol, 
and  is  jjrecipitated  from  these  solutions  on  adding  either  much  water 
or  strong  alcohol,  especially  in  the.  presence  of  much  salts  ;  soluble  in 
very  dilut(^  acids  and  alkalies,  pri'cijiitaterl  from  these  solutions  by 
neuti'alisation,  unchanged  in  properties  aiul  ctanposition.  The  fr)rmation 
of  gluten  is  larg(‘ly  dependent  on  this  proteid.  The  grain  contains 
about  ■1'25  i)er  cent,  of  gliadin. 

5.  G/iiteiiui,  a  jiroteid  insoluble  in  water,  saline  solutions,  and  dilute 
alcohol,  which  forms  the  remainder  of  tlu*  ])roteids  of  the  grain.  Soluble 
in  dilute*  acids  and  alkalies,  and  re-precipitat(*d  from  such  solutions  by 
neutralisation. 

The  following  is  the  conijeosition  of  these  Ixjdies  : — 
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(llobiilin. 

Allminin. 

CoH"uliiiii. 

Oliadin. 

Gliiteniii. 

Carljon, 

51-0:3 

5:3-02 

5  1 -8G 

52-72 

52-:54 

Ifydroge'ii, 

G-85 

G-8-t 

G-82 

G-8() 

G-8.3 

Nitrog(*n, 

l8-;39 

lG-80 

17-;52 

17-GG 

17-49 

Suljihur,  ...  1 

0-G9 

1  -28 

1-14 

1-08 

tbxygen,  ...  f 

2:b01 

22-OG 

24-00 

21 -G  2 

22-2G 

100-00 

100-00 

100-00 

100-00 

100-00 

IIG 
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AVhcilt  ^n'luteii  is  coir.puscfl  of  aiiil  ^lutoiiiii,  l)Otli  Ikmii.lt 

iiecessaiy  for  its  foniiatioii.  tiliadiii  forms  witli  water  a  sticky  medium 
which,  by  th(>.  presence  of  salts,  is  prevented  from  l)ecomin,'f  wliolly 
soluble.  This  medium  binds  to^mther  tlie  })articles  of  Hour,  rendering 
the  <loui;'h  and  gluten  tough  and  colienmt.  (llutimin  im])arts  solidity 
to  the  gluten,  and  forms  tlie  nucleus  to  which  gliadin  so  adheres  that 
it  cannot  lie  wa.shed  away  with  water,  (lliadin  and  starch  form  a  dough 
which  yields  no  glubm,  as  tlie  gliadin  is  washed  away  with  the  starch. 
Flour  freed  from  gliadin  gives  no  gluten,  as  there  is  no  binding  material 
to  hold  the  particles  together  so  that  they  be  brought  into  a  coherent 
mass. 

Soluble  salts  are  also  necessary  in  forming  gluten,  as  in  distilled 
water  gliadin  is  readily  .soluble.  The  mineral  constituents  of  the  Hour 
are  suHicient  for  this  pui-pose,  as  gluten  can  be  obtained  by  washing  a 
dough  in  distilled  water. 

No  ferment  action  occurs  in  the  formation  of  gluten,  for  its  con¬ 
stituents  are  found  in  the  Hour  having  the  same  com})osition  and 
projierties  as  in  the  gluten,  even  under  those  conditions  which  would  be 
suiijio.sed  to  completely  remove  antecedent  proteids,  or  to  ])revent 
ferment-action.  All  the  [)henoniena  which  have  been  attributed  to 
ferment-action  are  explained  liy  the  properties  of  tiu'  pi'uteids  them¬ 
selves,  as  they  exist  in  the  .seed  and  in  tin*  gluten. 

The  conclusions  of  Osborne  and  Voorhees  agree  well  with  the  follow¬ 
ing  opinions  on  a  gluten-ferment  expressed  by  the  ])i-esent  author  in  a 
previous  work  on  this  subject :  -  “  The  existence  of  this  body  cannot  as 
yet,  however,  be  recognised  as  proved.  AVhih;  the  formation  of  gluten 
may  be  due  to  the  intei'vention  of  such  a  body,  yet  theie  is  nothing 
remarkable  in  considering  it  to  b(‘  a  simple  and  direct  hydration,  Ijy 
watei-,  of  the  gluten  compounds  exi.stent  in  the  grain.  The  eliect  of 
heating  the  Hour,  and  of  treatment  with  salt  solution,  are  fairly 
accounted  for  by  their  well-known  coagulating  action  on  the  albuminous 
mattei's.  So,  too,  those  wheats  whose  Hours  hydrate  slowly  are  grown 
under  conditions  which  favour  the  jiroteids  being  in  a  ditlicultly  soluble 
condition.” 

210.  Proteids  of  the  Oat-Kernel.  h'or  purpose's  of  com¬ 
parison  the  following  statenu'iit  by  Osbonu'of  tlu'  composition  of  the 
proteids  of  oats  is  giv(>n.  When  oat-meal  is  ('xtracted  with  10  ])er 
cent,  .sodium  chloride  solution,  two  portions  of  uncoagulated  proteid 
wei'e  obtained  :  afte'r  which  alcohol  ('xtracted  another  uncoagulated 
prote'id.  'I'wo  distinct  pi'ote'ids  are'  thus  eebtaine'el  fi-eiin  oats  that  e'x- 
tracte'el  fi-emi  untre'ate'd  eeats  re'aelily  ceiagulate'S  iinel  be'ceane's  inseilubh' 
in  alceHieil,  anei  whe'ii  we't  with  absolute' ah'eeheil  eleee's  not  rdeseerb  moistui'e' 
freem  the'  ;ur  ;  whilst  that  eibt.iine'el  freem  exits  afte'i'  tri'atment  with  s;dt 
seelutieen  has  nee  te'nele'iu-y  tee  coagulate',  is  fi-e'e'ly  seeluble'  in  ceelel  evh'eiheH 
eef  IJ-HO  sp.  gr.,  anel  wlu'n  wet  with  iibseelute'  Jilceehol  abseerbs  moisture' 
from  the  air  ;uiel  be'ceane's  gummy.  Foth  substance's,  when  washe'el 
with  aliseelute  ah'eeheil  ;uiel  eb'ie'el,  ;ire'  light  yelleiwish  poweh'i's,  seeluble'  in 
elilute'  aciels  anel  alkalie's,  anel  re'pi'e'cipitate'el  on  ne'utralising  tlu'ir  solu 
tions  (American  Chemical  Journal). 
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211.  Distributioa  of  Proteids  in  Wheat.  -The  ))rot(>i(ls  of 

^vhoat  iiiv  not  distributed  0(jually  throughout  the  whole  seed,  there 
being  certain  jiortions  of  tlie  wheat  grain  whicli  are  specially  rich  in 
.soluble  proteids  ;  the  bran  and  germ  are  particularly  so.  Starting  from 
the  outside  of  the  seed,  the  interior  portions  become  h^ss  and  le.ss  nitro¬ 
genous,  until  the  kernel  of  the  grain  is  found  to  consist  much  more 
largely  of  starch. 

212.  Decomposition  of  Proteids. — Soluble  albumin,  or  the 
white  of  egg,  on  being  allowed  to  .stand,  putrefies,  with  the  evolution 
of  sulphuretted  hydrogen  and  other  ga.ses.  The  odour  of  suljihuretted 
hydrogen  is  almost  invariably  described  by  comparison  to  that  of  r(,)tt(‘n 
<'ggs.  Coagulated  albumin,  when  dry,  is  a  fairl}'  stable  body  ;  but, 
when  left  in  contact  with  water,  putrefies,  yielding  valeric  and  butyric- 
acids,  together  with  other  bodies.  The  oxygen  of  the  air  has  no  action 
on  albumin. 

Dry  gluten  may  he  kept  indetinitely  without  change,  but  if  when 
wet  it  is  exposed,  in  masses  too  large  to  dry  quickly,  to  air  at  ordinary 
temperatures,  it  gives  off  a  (puintity  of  gas,  and  at  last  evolves  a  strong 
imtrescent  odour.  At  the  same  time,  the  insoluble  gluten  breaks  down 
into  a  thick  creamy  mass. 

It  is  necessary  to  get  accurate  ideas  of  what  putrefaction  really  is. 
Every  one  knows  the  results  of  j)utrefaction  in  their  last  or  extreme 
stages  ;  animal  and  vegetable  substances  both  give  off  gases  having 
most  disgusting  odours,  and  yield  a  variety  of  offensive  i)roducts. 
These  gases  consist  of  compounds  of  hydrogen  with  carl  ion,  and  also 
with  .sulpliur ;  this  latter  gas,  termed  by  the  chemist  suljihuretted 
hydrogen,  is,  as  just  stated,  resjumsible  for  tlie  odour  so  characteristic 
of  rotten  eggs.  In  the  earlier  stages,  however,  of  putrefaction,  the 
changes  do  not  result  in  the  iiroduction  of  such  disagreeable  bodies  ; 
gases  are  evolved,  ljut  these  are  either  inodorous  or  at  most  jiossess  only 
.slight  smells.  Speaking  broadly,  putrefaction  consists  of  the  breaking 
down  01-  degrading  of  the  complex  molecules  of  animal  and  vegetable 
structui-es  into  conqiounds  of  a  more  simple  cliaracter,  and  ultimately 
into  inorganic  conqiounds,  such  as  carbcm  dio.xide,  water,  and  sulphuretted 
hydrogen  ;  which  latter,  in  its  turn,  deposits  its  sulphur,  and  forms 
water  by  the  actio)i  of  atmospheric  oxygen.  Bodit'S  in  the  first  stage  of 
]iutrefying  absorb  more  or  less  oxygen  ;  when  this  element  has  been  re¬ 
moved  from  the  supernatant  air,  a  species  of  fermentation,  known  as 
putrefactive  fermentation,  pi-oceeds.  Wlum  dealing  with  the  whole 
<luestion  of  ferniention  this  change  must  be  viciwed  more  closely.  At 
jiresent  there  is  one  particular  jioint  that  should,  howev(‘r,  Ik*  numtiom'd, 
and  that  is,  that  by  heating  any  organic  liipiid,  as  a  solution  of  hay, 
white  of  (‘gg,  or  proteids  of  floui-,  under  pressure  at  a  tenqierature 
of  about  2()()°  F.  for  some  time,  and  tlum  boiling  the  liipiid  in  a  flask 
who.se  neck  is  loosely  jilugged  with  cotton  wool  until  the  whole'  of  tiu' 
air  is  expelled,  the  liejuid  aeapiires  the'  property  of  re'sisting  putrefactive' 
action.  Solutions  pre'serx'ed  in  this  maime'r  may  be'  ke'pt  foi-  an  in- 
ele-finite  lemgth  of  timie  •  on  be'ing  eince'  moi-e'  e'Xpose'el  to  the'  air  the'y 
again  ai-e;  subje'ct  to  jiuti-e'factiem.  It  wouhl  thus  appe'ar  that  juitre,'- 
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faction  is  not  a  process  appcrt!iinin<;  exclusively  to  the  gi-ain  itself,  but 
is  in  some  way  dependent  on  the  action  and  presence  of  aii-. 

EXPERIMENTAL  WORK. 

213.  Reactions  of  Proteids. — Separate  a  little  gluten  from  Hour 
by  kneaflin'f  dough,  enclosed  in  muslin,  in  water.  Dry  a  little  of  thi.s, 
and  heat  strongly  in  a  test-tube  ;  notice  that  an  odour  is  evolved  similar 
to  that  of  burning  hair  or  feathers.  AVater  also  condenses  in  the  coohu* 
parts  of  the  tube  ;  test  this  watm'  with  a  strip  of  red  litmus  paper,  and 
notice  that  it  has  an  alkaline  reaction  ;  this  alkalinity  is  caused  by  the 
presence  of  ammonia.  ]\Iake  a  precisely  similar  experiment  with  sonu^ 
M'hite  of  egg,  and  observe  that  the  same  reactions  occui'. 

Solulnlity. — Alix  some  white  of  egg  with  about  four  times  its  volume 
of  water.  Place  a  portion  of  this  .solution  in  a  test  tube,  Hoat  it  in  a 
beaker  of  cold  water,  and  heat  gentl}’.  Test  the  temperatui'e  at  which 
coagulation  ensues.  To  successive^  jiortions  of  the  albumin  solution, 
add  alcohol,  ether,  mercuric  chloride,  and  ])icric  acid  solutions,  and  dilute 
nitric  acid  ;  notice  the  formation  of  a  ju’ecipitate.  To  the  portions 
preci})itated  by  acid,  add  caustic  soda  or  potash  solution  :  the  precipi¬ 
tates  are  re-dis.solved. 

Colour  Keaciions. — Test  the  Xanthoproteic  and  Alillon’s  colour  re¬ 
actions,  as  described  in  paragrajih  ISl. 

Precipitation. — Precipitate  proteids  from  solutions  by  the  various 
methods  given  in  jearagraph  PS'J. 

Production  of  Peptones. — Take  .some  of  the  white  of  a  hard-lioiled  egg. 
and  rub  it  through  a  tine  sieve*.  Add  to  it  some*  dilute*  hvdmchloi'ic 
acid  (0  il  per  cent.)  and  a  little  preiiared  pepsin,  (tently  warm  the 
whohe  to  a  tem])(*rature  of  about  40°  C.,  and  notice*  that  the*  white  eif 
egg  elisse)lve*.s.  The  albumin  luis  th(*n  be*pn  ce)n\'(*rteel  intee  p(*pte)ne*. 

Soluble  Flour  Proteids.-  -Weigh  eeut  oO  grams  eef  Heair,  anel  mix  with 
2.u0  c.c.  of  water  in  a  large  tiask,  shake*  up  theireeiighly  sevei'al  times 
during  half-an-heeur,  unel  the“n  s(*t  aside*  feer  a  fe*w  heeurs,  eer  ev(*n  over¬ 
night.  Filter  the  sujeernatant  liepnel  threeugh  a  Fre*nch  lilter  pa]u*r 
until  bright.  Ile*at  a  peu'tion  eef  this  solutiem  in  a  small  b(*ake*r  plactsl 
in  a  water-b.ath  ;  notice,  the  ceiaguhition  of  vege*table*  albumin. 

214.  Gluten  and  its  Constituents. — The*  se*paration  of  glute-n 

will  have  be*e*n  illustrate'el  in  the*  ])re*ce'eliiig  e‘xjie‘rinie‘nts.  Moiste'ii  Hour 
with  alceeheel  anel  feelel  up  in  muslin  ;  kne>ael  in  a  small  V(*sse'l  alsee  ceeii- 
laining  alceehed  :  neetice*  that  no  glute'ii  is  yie‘lele*el.  AI;d<e*  a  similar 
e“X])e*rime*nt  with  a  lb  pe-r  c(*nt.  salt  seelulieen  :  j'lace*  a  sample*  e»f  Heeur 
for  the*  night  in  the*  heet  water  ove'ii,  anel  tre*at  with  eerdinary  water  in 
the*  meerning  :  eihserxe*  in  each  case*  that  im  glute*n  is  pi'oeluced. 

Plae.*e*  asiele*  seeme*  meiist  glute*n  .anel  wate*r  in  an  eeutheeuse*  :  imtice*  elay 
afte'i-  elay  the*  change's  whie'h  eeccur  in  the*  aiipe'arance*  anel  physical  jire)- 
])e'i'tie*s  eif  the*  glute*!!  as  put re'factiem  se*ts  in. 

'fake*  some*  care*fully  vvasheel  glute*n  anel  grinel  it  u])  in  a  nuertar  with 
a  little*  SO  pe*r  ce*nt.  alceiheel.  H’ranste'i*  tei  a  Hask  einel  ke'e'p  at  a  te*m- 
[)e*ratui-e*  eef  -10°  (1.  tor  seune*  heeiirs  ;  tilte*r,  anel  again  grinel  the*  unelis 
se)lve*el  re*sieluum  with  more*  alceeheil  in  the*  meirteu'.  .Again  elige*st  in  the* 
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tliisk,  and  once  more  repeat  this  treatment.  Evaporate  ilown  tlie 
mi.\ed  tiltrates  over  a  water-hath,  and  notice  the  transparent  ycdlow 
jfiiadin  thus  obtained.  Carefully  dry  the  insoluble  imrtion,  which  con¬ 
sists  of  more  or  less  pun'  ,<,dutenin. 

The  extent  to  which  this  .series  of  experiments  is  carried  must  depend 
on  the  time  and  opportunities  (jf  the  student,  and  also  the  lahoratory 
facilities  at  his  disposal. 
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CHAPTER  Vni. 

ENZYMES  AND  DIASTASIS. 

215.  Hydrolysis. — It  lias  already  lieen  incidentally  mentioned 
that  starch  may  ri'adily  he  converted  into  de.Ntrin  .and  maltose  ;  with 
regard  to  the  carbohydrates  generall}',  one  of  their  special  character¬ 
istics  is,  that  the  less  hydrated  members  of  the  series  are  easily 
changed  to  those  containing  a  hi”her  proportion  of  hydrogen  and 
o.Nygen.  In  conseiptence  of  the  great  importance  of  these  transforma¬ 
tions,  they  will  require  to  be  dealt  with  fully.  The  present  chapter  will, 
therefore,  give  jiarticulars  of  the  nature  of  these  change.s,  the  agents  by 
which  they  are  effected,  and  the  conditions  which  are  favourable  or 
unfavour.able  to  their  occurrence.  As  the  mutations  of  the  carbohy¬ 
drates  consist  of  the  addition  of  the  elements  of  water  to  the  atoms 
jireviously  present  in  the  molecule,  it  has  been  propo.sed  to  include  the.se 
changes  under  the  general  term  “hydrolysis.”  Hydrolysis  is,  there¬ 
fore,  defined  as  a  chemical  change,  consisting  of  the  assimila¬ 
tion,  by  the  molecule  of  hydrogen  and  oxygen  in  the  same 
proportions  as  they  exist  in  water ;  and  resulting  in  the  pro¬ 
duction  of  a  new  chemical  compound  or  compounds.  Those 
bodies  capable  of  producing  hydrolysis  are  termed  “  hydrolysing  agents  ” 
or  “  hydrolytics.” 

216.  Hydrolytic  Agents. — The.se  luMlies  include  o.xalic  and  dilute 
hydrochloric  and  sulphuric  acids.  Commencing  with  soluble  starch, 
tlie  aciils  mentioned  jiosse.ss  the  jiower  of  converting  that  l)ody  first 
into  de.Ntrin  and  maltose,  then  into  glucose.  The  acid  hydrolytics  also 
transform  cane  sugar  into  glucose.  It  will  be  noticed  that  tlu*  ultimate 
products  of  hydrol3-sis  of  starch  are  sugars  of  various  descriptions,  hence 
this  operation  is  frequently  termed  the  “saccharification”  of  starch. 

217.  Saccharification  of  Starch  by  Acids. — This  ojanation 

is  carried  on  as  a  commercial  procc'ss  for  the  manufactun*  of  glucose  for 
use  in  brewing.  The  starch  is  lioiled,  either  in  open  vi'ssels  or  under 
pressure,  witli  dilute  sulphui-ic  acid.  If  tlu'  opiu'ation  be  stopj)ed  as 
soon  as  a  portion  of  tlu^  solution  gives  no  l»lue  colouration  when  tested 
with  iodine,  it  will  l)e  found  that  dextrin  and  maltose  ar(^  the  chief 
j)roducts.  Continued  boiling  r(“sults  in  the  transformation  of  most  of 
the  dextrin  and  maltose  into  glucosic  d'he  suljihuric  or  oxalic  aciil, 
whicheviT  is  used,  is  ne.xt  removed  liy  the  addition  of  calcium  cai-bonate 
in  slight  excess,  'fins  reagent  forms  an  iusolubh'  oxalate  with  the  latter 
acid,  and  with  tlu;  former,  calcium  sulphate,  which  is  only  ntut  slightly 
solubh*.  'I'lie  preci])it.ate  is  allowed  to  subside  and  the  supernatant 
liijuid  evajiorated  uiuh'r  dimiinshed  pressuna 
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2]  8.  Enzymes  or  Soluble-Ferments. —TIudv  is  y^t  anothei- 
most  iiujiovtiint  lii-oup  of  hydrolysiiiif  iigents,  muiioly,  tlio.so  whicli  con- 
•sist  of  cortnin  sellable  bodies  of  or<;iinie  origin.  Anioiif;  suedi  subsUinces, 
which  jiossess  a  very  marked  Imlrolytic  action,  are  human  .saliva,  iiltered 
aijueous  infusions  of  yeast.  Hour,  bran,  and  malt.  Ch(>mical  research 
shows  that  in  each  case  hydrolysis  is  due  to  the  nitrei^mnous  constituents 
of  these  various  ai^ents.  Jn  several  instances  the  active  jirinciple  lias 
either  been  isolated  or  obtained  in  a  very  concentrati'd  form  ;  it  is  not 
known,  however,  with  certainty  whether  these  bodies  are  detinite 
chemical  compounds,  or  whether  they  are  only  mi.Ntures  of  certain 
nitrogenous  bodies  in  a  particularly  active  state. 

These  substances  form  part  of  a  yet  larger  group  of  bodies  which 
formerly  were  indiscriminately  classed  together  as  “  ferments,”  that  i.s, 
bodies  which  were  capable  of  inducing  fermentation.  At  jiresent  this 
latter  term,  as  is  explained  in  a  subsequent  chapter,  is  contined  to  those 
chemical  actions  which  are  the  work  of  certain  micro-organisms ;  and 
the  change.s,  such  as  hydroly.sis,  that  are  due  to  active  iirinciples 
which  are  not  organised  or  living,  form  a  separate  class.  These  active 
jirinciples  have  been  termed  soluble-ferments  ;  but,  as  in  order  to  avoid 
confusion  with  micro-organisms  and  fermentation,  it  is  well  to  dissever 
them  entirely  from  the  idea  of  fermentation,  the  term  “  enzyme  ”  has 
been  proposed,  and  is  being  generall}'  aflopted.  It  has  also  been  pro¬ 
posed  to  group  together  all  the  chemical  changes  due  to  enzymes  under 
the  generic  term  of  “enzymosis.” 

A  number  of  chemical  reactions  are  brought  about  by  enz3nnes,  most 
of  which,  however,  are  instances  of  hydration  of  the  Ijodies  acted  on. 
Enzymosis  occurs  usuall>'  most  readily  at  temperatures  about  40°  C., 
and  is  characterised  by  the  fact  that  a  minute  ipiantity  of  the  (mzyme 
is  capable  of  causing  the  characteristic  chemical  change  in  a  compara¬ 
tively  enormous  quantity  of  the  substance  acted  on,  without  itself 
apparentl}^  undergoing  change.  An  enzyme  may  therefore  be 
defined  as  a  nitrogenous  organic  substance  capable,  under 
favourable  conditions,  of  inducing  chemical  changes  in  enor¬ 
mously  large  quantities  of  contiguous  compounds  without 
itself  necessarily  undergoing  change. 

219.  Chemical  Properties  of  Enzymes. — Tlicse  substances 

can  be  e.vtracted  from  the  bodies  containing  them  Iw  the  action  of 
water,  dilute  alcohol,  salt  solutions,  or  glycerin.  From  these  solutions 
the}’  may  be  precipitatial  liy  strong  alcohol,  lead  acetate,  oi-  saturation 
with  ammonium  sulphate.  Tliis  precipitate,  on  being  washed  witli 
ab.solute  alcoliol  and  drit*d  in  vacuo,  ^’iidds  a  frialih^  mass  t‘asil\’  ri'duced 
tf.)  a  white  powder,  and  in  composition  either  [iroteid  or  closel}’  allied 
to  jiroteid  matter.  The.  enzymes  act  most  vigijrously  at  a  teiiqierature 
of  from  40  to  4.b°  C.,  and  are,  in  the  moist  state,  destnyed  ly  a 
temperature  of  from  .oO  to  75°  C.,  according  to  llu'  nature  of  tlu' 
enzyme.  (Certain  enzymes  when  absolutel}’  dry  withstand  a  tempera¬ 
ture  of  as  much  as  170°  C.)  'I’he  presence  of  free,  acid  or  alkali,  and 
also  small  tpiantities  of  certain  neutral  .salts,  as  ammonium  sulphate, 
are  inimical  to  enzymosis. 
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220.  Classification  of  Enzymes. — AinoH-,^  the  iiuinhei-  of 

enzymic  notions,  coinpiu-ntivel}-  few  are  of  importance  in  the  study  of 
the  ])resent  suhject ;  tliesi'  an*  jilaced  first  in  tlie  accompanying  table, 
wliile  otliers  of  less  immediate  value,  hut  still  of  inti'rest  as  illustrative 
of  the  whole  scheme  of  enzymosis,  follow. 


In  class  I  of  the  jireceding  fal>l(*  a  note  of  interrogation  is  placed 
against  diastase.  'I'lie  suhject  has  not  as  yet  l)een  examined  vm-y 
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iniinitclv,  l)ut  there  is  eonsidenihle  evidence  that  tlie  ,iL,dut(‘n  of  wheal 
hour  is  attacked  during  fermentation  in  tlie  jiresence  of  diastase. 
Osliorne  and  Yoorliees’  researclies  tlirow  consideralile  doulit  on  tlu' 
existence  of  Weyl  and  Bischotfs  vegetable  myosin  ;  but,  if  tlie  contrary 
were  the  case,  tlie  natural  jilace  of  this  enzyme  would  be  as  shown  in 
class  a.  The  fact  that  there  are  members  of  this  class  which  can  per¬ 
form  analogous  functions  in  blood  and  muscle  has  done  much  toward 
paving  the  way  for  the  acceptance  of  the  hypothesis  of  there  being  a 
gluten-forming  enzyme. 

221.  Cytase.  — As  early  as  1879,  Brown  and  Heron  mentioned 
that  (luring  the  germination  of  grain  the  cellulose  cell-walls,  and  also  the 
cellulose  of  the  starch  granules,  are  broken  down.  r)rown  and  INIorris 
again  call  attention  to  the  same  fact  in  their  pa]ier  on  the  Genniitafio/i 
of  some  of  the.  Gramioece,  Journ.  Chem.  8oc.,  1890,  }i.  408.  As  ger¬ 
mination  proceeds,  the  parenchymatous  cell-walls  of  the  endosperm  are 
gradually  dissolved,  ami  ultimat(*ly  leave  no  sign  of  separation  between 
the  contents  of  the  contiguous  cells.  Huiing  the  progress  of  the.se 
changes  the  endosperm  is  much  .softened,  and  attains  the  condition  of 
“mealiness”  aimed  at  by  the  maltster  in  course  of  the  germination  of 
barley  in  malt  manufacture.  Brown  and  Morris  tind  that  this  producti('n 
of  mealiness  is  undoubtedly  co-terminous  with  the  dissolution  of  the  cell- 
wall,  and,  contrary  to  what  is  usually  believed,  is  entirely  independent 
of  the  disintegration  of  the  starch-granule.  The  enzyme,  which 
thus  dissolves  the  parenchymatous  cell-walls  of  the  endosperm, 
has  received  the  name  Cytase.  Cytase  is  secreted  by  the  embryo 
during  germination,  and  is  found  in  considerable  (luantity  in  green-  or 
air-dried  malt,  but  is  readily  destroyed  by  the  action  of  heat,  and  so  is 
found  in  only  very  limited  (juantity'  in  kiln-dried  malt,  especially  that 
which  has  been  subjected  to  a  sijmewhat  high  tempei'ature.  That  cytasf' 
is  not  identical  with  diastase  is  demonstrated  by  the  fact  that,  whereas 
a  tilteiTMl  a(iueous  extract  of  air-dried  malt  dissolves  the  cell-walls  of 
the  endos])erm,  this  power  is  lost  on  subjecting  the  licjuid  to  a  tempera¬ 
ture  of  GO"  C.,  which  temperature  does  not  destroy  the  vitality  of 
diastase. 

222.  DiastaS0. — Since  the  “mashing”  or  maceration  of  malt 
with  wat(*r  at  about  a  temperature  of  GO'  C.  has  b(>en  employed  as  oiu' 
of  the  operations  in  the  brewing  of  beei',  it  has  b(‘en  well  known  that 
during  this  ])rocess  tlu;  starch  of  the  malt  is  converted  into  soiiu'  form 
of  sugar.  Bayen  and  Persoz,  in  18.4”),  stated  that  tlus  action  of  an 
infusion  of  malt  on  starch  was  du<‘  to  the?  pi’esmice  of  a  j)articular 
ti'ansforming  agent,  to  which  they  gave  th(‘  nanu*  of  diasta.se. 

Investigation  shows  that  diastasi'  is  s(‘creted  by  lh(‘  embiyo  of  such 
plants  as  wheat  and  barley  during  germination— in  a  subseijuenl 
t.-hapter  tlu*  jthysiology  of  its  jiroduction  and  action  is  dc'alt  with  some 
wliat  fully.  Diastase  is  present  in  lai’ge  (juantity  in  air-dri)'d  malt, 
and  to  a  lesser  but  still  considerable  extent  in  tlu*  malt  after  kiln 

h’or  its  extraction  in  a  concent i-ated  form,  bintner  recommends  the 
following  iiH'thod  1  part  of  green  malt  oi'  sifted  air  dried  malt  is 


121 


TIIH  SCIKNCH:  AM)  A  KT  OF  IJHICAD-MAKINO. 


extracted  witli  2  to  4  parts  of  20  p(*r  cent,  alcohol  for  24  lioiirs.  At 
the  end  of  this  time  as  much  as  possible  of  the  li(iuid  is  filtered  off  by 
means  of  a  press,  then  tiltererl  thr'ouyh  pa])er  initil  brij^lit.  To  this 
filtered  extract  24  times  its  volume  of  absolute  alcohol  is  added,  re¬ 
sulting  in  the  production  of  a  precipitate,  'which  is  allowed  to  settle, 
and  washed  in  a  filter  with  absolute  alcohol.  The  precipitate  is  then 
transferred  to  a  mortar  and  rubbed  down  with  absolute  alcohol,  once 
more*  transferred  to  a  filter  and  washed  with  absolute  alc))hol,  aiid  ether. 
Final!}’  it  is  dried  in  vacuo  over  sulphui'ic  acid.  Prepared  in  this 
manner,  diastase  consists  of  a  yellowish-white  powder  of  great  diastasic 
activity.  Its  purification  is  effected  by  repeatedly  dissolving  in  water 
and  re-precipitating  by  alcohol.  Subjecting  the  a(jueous  solution  to 
<lialysis  reduces  the  quantity  of  ash  (which  consists  of  normal  calcium 
phos})hate),  and  also  increases  the  })ercentage  of  nitrogen.  A  purified 
diastase  gave  the  following  numbers  on  analysis  calculated  on  the  ash¬ 
free  substance.  Kesults  of  analyses  of  other  enzymes  are  also  given. 


COMPOSITION’  OF  VAIilOUS  ENZYMES. 


1 

Diastase. 

Panereatic 

Enzyme. 

Inve'tase. 

Emulsin. 

Carlitui,  ... 

.  40-06 

40-57 

43-90 

43-50 

Hydrogen, 

.  :  7 -do 

7-17 

8-40 

7-00 

Nitrogen, 

.  i  10-42 

14-95 

9-50 

11-00 

Sul])hur,  ... 

.  i  1-12 

0-95 

0-00 

1-30 

Oxygen,  ... 

•  ...  ;  ;U'45 

30-30 

37-00 

36-60 

100-00 

100-00 

100-00 

100-00 

Authority, 

j  Lintner. 

1 

litifner. 

Parth. 

Pull. 

Diastase  gives  all  the  reactions  of  the  proteids,  but  not  the 
characteristic  biuret  reaction  of  the  peptones.  It  gives  with  fincturi’ 
of  guaiacum  and  hydrogen  peroxide  a  blue  colouration,  which  is  soluble 
in  ether,  benzmu',  chloroform,  and  carbon  disulphide,  but  not  in  alcohol. 
This  leaction  is  charactei’istic  of  diastasiq  and  is  givmi  by  no  other 
enzyme  or  piofeid  substance. 

Diastase  in  tlu*  juire  form  does  not  reduce  Fehling’s  .solution,  and,  as 
may  lx*  judged  from  its  \'ery  nature,  is  mai’ki'd  by  a  great  capacity  for 
li(piefying  starch  paste  and  saccharifying  it  into  dextrin  and  maltose. 
Unlike  the  acids,  diastase,  how(‘ver,  is  incai)able  of  conveiding  starch 
furthci'  than  into  dextrin  and  maltose.  Diastase  rc'adily  changt's 
am\'lodextrin  and  maltode.xtrin  completely  into  maltosi',  but  tloes  not 
under  any  i-ircumstances  further  hydrolyse  maltose. 

Under  favourabh'  ciicumstancc's,  one  part  of  well  pri'pared  diastase 
is  stated  to  suHice  foi'  th(*  i-on\'eision  of  2OU0  parts  of  starch.  A  dilute 
solution  of  diastase  is  e.xcccdiiigly  unstabh“,  rapidly  bi'coming  at  id,  and 
losing  its  power  of  starch  con\'ersioii.  4  his  does  not  u]i])ly  to  con¬ 
cent  rati'd  solutions  of  diastase  in  the  iireseiicc  of  sugars  such  as  arc 
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ol)taineil  l>v  conoenti-ating  in  vacuo  cold-water  extracts  of  malt  to  the 
consistency  of  a  syruj). 

223.  Diastasic  Action  or  Diastasi?. — Tlu*  action  of  diastase, 
heiniLt  of  such  i^reat  importance  in  brewing  ojun-ations,  has  beem  studied 
closely.  The  term  “diastase'’  is  occasionally  list'd  in  a  ^fcneric  sense, 
and  is  then  ajiplied  to  the  hydrolysing  agents  of  the  cereals  generally  ; 
thus  cerealin  is  at  times  referred  to  as  the  “diastase”  of  bran.  Hy¬ 
drolysis,  when  effected  by  diastase  or  its  congeners,  is  often 
termed  diastasic  action,  for  which  the  shorter  term  “  diastasis  ” 
is  proposed. 

224.  Measurement  of  Diastasic  Capacity.  -The  activity 

of  malt  extract,  or  of  the  purer  forms  of  diastase,  dept'iids  on  the 
ilegree  of  concentration,  temperature,  and  other  conditions.  Kjeldahl 
has  enunciated  what  is  known  as  the  law  of  proportionality.  The 
amount  of  diastase  in  two  malt  extracts  is  proportional  to  the  reflucing 
power  which  they  effect,  providing  that  both  act  on  the  same  (luantity 
of  starch  during  the  same  period  of  time,  and  that  the  cupric  oxide 
reducing  power*  (K)  does  not  .surjiass  ll.o — .'lO.  If  the  whole  of  the 
.starch  present  were  converted  into  maltose,  K  would  be  02-0  ;  accord¬ 
ing  to  this  .stipulation,  therefore,  somewhat  less  than  half  the  starch 
must  undergo  conversion  into  maltose,  or,  in  other  words,  starch  must 
be  to  that  extent  in  excess  of  the  amount  hydrolysed  by  the  diastase. 
Unless  the  starch  is  thus  largely  in  excess,  the  diastasic  action  will  not 
be  proportional  to  the  amount  of  diastase. 

Lintner  measures  the  diastasic  capacity  on  soluble  starch,  prei)ared 
as  directed  in  Chapter  VI.,  paragi’a})h  lo2,  and  terms  the  diastasic 
activity  of  the  jirecipitated  diastases  as  100,  when  0  c.c.  of  a  solution 
of  O’l  gram  of  diastase  in  200  c.c.  of  water,  added  to  10  c.c.  of  a  2  per 
cent,  starch  solution,  produces  in  one  hour,  at  the  ordinary  temjx'ratui'e, 
sutlicient  sugar  to  reduce  o  c.c.  of  Fehling’s  solution.  These  (|uantities 
amount  to  0'0012  gram  of  diastase,  acting'  on  0’2  gram  of  soluble 
stai’ch,  while  the  malto.se  neces.sary  to  reduce  o  c.c.  of  Fehling’s  solution 
is  O'OIOO  grams.  This  (piantity  of  malto.se  pi'oduced  is  approximately 
ecjual  to  O'O.o  gi'ams  of  starcli  reducc'd,  and  the  diastase  will  have 
hydrolysed  about  41  times  its  weight  of  starch  in  the  time  and  under 
the  conditions  specified.  Directions  for  the  detf'rmination  of  diastase 


'  Tlie  cupric  oxide  reduciiif'  power,  or,  more  shortly,  the  cupric  rcduciuj^  power  of  a 
substance,  lias  been  detined  by  O'.SulIivan  as  “the  amount  of  cupric  oxide  calculated 
as  dextrose,  which  100  parts  reduce”  from  Kehling's  solution  under  usual  conditions 
of  analysis.  ]>y  careful  experiment  it  has  been  found  that 

100  grams  of  dextrose  reduce  '2'20'5  grams  of  CuO. 

100  ,,  maltose  ,,  107vS  ., 

If  in  the  case  of  maltose  the  reduced  CuO  be  assumed  to  be  caused  liy  dextrose,  and 
calculated  as  such,  then 

i:i7'8xl00 

— bbyr;'  =02 ‘5  =  cupric  reducing  ])owcr  of  maltose. 

Another  way  of  expressing  the  same  thing  is—  'I’he  cuiu'ic  oxide  reduced  by  a  given 
weight  of  dextrose  being  100,  the  amount  reduced  by  the  same  weight  of  any  other 
body  is  taken  as  the  cupric  oxide  reducing  jjower  of  that  liody. 
h'or  cujiric  reducing  power  the  symbol  K  or  k  is  employed. 
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l)y  liielliods  liiiscd  on  tliis  })riiicii>lo  nro  .yivou  in  tlie  unalytic  section  of 
this  work.  Tlie  ;il)ove  is  sinij)ly  a  mode  of  detci’inininy  diastasic  activity, 
<‘verything  else  being  equal.  The  consideration  of  how  diastasic  capacity 
;s  atl'ected  by  changes  of  temperature  and  other  conditions  is  described 
in  detail  in  subsequent  [taragrajihs. 

225.  Nature  of  Diastase.  -The  effects  of  diastase  on  starch 
have  already  been  spoken  of  as  including  two  distinct  actions  ;  first, 
the  liquefying  of  starch  paste,  converting  it,  in  fact,  into  soluble  starch  ; 
and  second,  the  saccharifying  of  this  ju-eviously  litiuetied  starch.  Certain 
forms  of  diastase  possess  this  latter  ])Ower  only  ;  but  it  is  usually 
assumed  that  malt  diastase  possesses  the  two  pro})erties.  More 
recently,  the  t)pinion  has  been  growing  that  malt  diastase  consists  of 
two  distinct  enzymes  —  the  one  a  li(juef'ying,  and  the  other  a  sacchari¬ 
fying  agent.  More  will  be  said  on  this  matter  when  dealing  with  the 
diastase  of  unmalted  grain. 

There  naturally  arises,  in  conjunction  with  the  study  of  diastase,  the 
speculation  whether  diastase  is  a  distinct  chemical  compound  of  nature 
allied  to  the  proteids,  or  a  property  or  function  certain  j)roteid  bodies 
are  capable  of  e.xercising  under  special  conditions.  Certainly,  in  the 
jHirest  form  hitherto  isolated,  diastase  is  obtained  Iw  processes  which 
secure  soluble  proteids  in  the  purest  state ;  and,  practically,  any  substance 
calhal  diastase  is  unobtainable  as  distinct  and  separate  from  soluble 
proteids. 

Ifrown  and  Heron  finding  that,  on  heating  malt  e.xtract  to  a  tem- 
lierature  of  about  4()°  C.,  the  soluble  jirotcids  commence  to  coagulate  ; 
a  continuance  of  this  tenqieraturi*  for  some  l.o  to  20  minutes  etl'ects  the 
maximum  aim)unt  of  coagulation  ])ossil)le  at  46°  C.  On  raising  the 
tmiqierature  a  few  degrees,  an  additional  (piantity  of  proteids  coagulate  ; 
this  further  increase  of  coagulation  continues,  as  the  temperature  ri.ses, 
up  to  a)»out  05°  C.  The  jiroteids  of  malt  extract  may  be  viewed  as 
lieing  composed  of  distinct  fractions,  each  of  which  has  a  definite 
coagulating  point,  varying  from  46°  to  05°  C.  M’ith  the  coagulation 
of  the  proteids,  the  diastasic  power  of  the  malt  extract  diminisiies ; 
also,  no  diminution  of  starch  converting  power  has  been  obserced  with¬ 
out  a  coagulation  of  proteids.  Further,  at  tlu'  point  at  which  the 
diastasic  jiower  of  malt  extract  is  destroyed  (SO — Sl°  C.),  nearly  the 
whole  of  the  coagulable  prottuds  hav(>  been  juecipitated.  llrown  and 
Heron  “ arc;  consequently  led  to  conclude  that  the  diastasic  power 
is  a  function  of  the  coagulable  proteids  themselves,  and  is  not 
due,  as  has  been  generally  supposed,  to  the  presence  of  a  dis¬ 
tinctive  transforming  agent.”  They  further  find  that  filtration 
thi’ough  a  porcelain  diaphragm  residts  in  the  pi'oduction  of  a  liipiid 
whicli,  on  l)eing  heated  to  tins  boiling  jioint,  throws  down  no  proteids. 
This  filteix'd  malt  (‘xtract  tlu'y  find  to  Ih‘  incompetent  to  produce 
diastasis,  possessing  “  aI)solut(dy  no  tran.sforming  power.”  It  is  there¬ 
fore  possible  fo  remove  the  diastasic  agent  from  the  malt  extract  without 
the  ajiplication  of  heat. 

226.  Action  of  Diastase  on  Starch.  This  reaction  may  tir.st 
la;  summed  up  briefly  by  stating  that  if  a  cold  infusion  of  malt  be  made, 
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and  then  tiltered  ;  it,  tlie  infusion,  on  heinif  added  to  a  solution  of  starch 
in  water,  at  teinperatuivs  from  17)“  to  about  70°  C.,  more  or  less  rapidly 
hyd  rolvses  the  starch  into  a  mixture  of  dextrin  and  maltose.  The 
longer  the  operation  is  continued,  the  higher  is  the  proportion  of  maltose 
]iroduced  ;  hut  even  prolonged  action  does  not  result  in  any  further 
livdrolvsis  of  the  maltose  into  glucose.  The  investigation  of  starch  and 
its  transformation  products  has  for  many  years  occujiied  the  close 
attention  of  what  may  he  called  the  ilurton  School  of  Chemists.  Pro¬ 
minent  among  these  are  the  names  of  O’Sullivan,  llrown.  Heron,  and 

orris.  Py  these  and  other  writers,  a  numher  of  jiapers  of  singular 
interest  and  value  have  been  contributed  to  the  Journal  of  the  Chemical 
Society.  Appended  is  a  list  of  the  principal  jiapers  of  this  serie.s, 
arranged  in  the  order  of  their  appearance  : — 

“Contributions  to  the  History  of  Starch  and  its  Transforniations.”  V>y  Horace  T. 
Brown  and  John  tieron.  Vol.  XXXV.,  j».  .olttJ  ;  year  1879. 

“  On  the  Transformation  Products  of  Starcli.”  By  C.  O’.Sullivan.  Vol.  XXXV., 
]>.  770  ;  year  1879. 

‘‘u-  and  /i-Ainjdan  :  Constituents  of  some  Cereals.”  By  C.  O'Sullivan.  Vol. 
XLI.,  p.  24  ;  year  1882. 

“On  the  Estimation  of  Starch.”  By  C.  O'Sullivan.  Vol.  XLV.,  p.  1  ;  year  1884. 

“On  the  Xon-crystallisable  Products  of  the  Action  of  Diastase  upon  Starch.”  By 
Horace  T.  Brown  and  O.  H.  Morris.  Vol.  XLVII.,  p.  527  ;  year  1885. 

“On  the  .Sugars  of  some  Cereals  and  of  Oenninated  Grain.”  By  C.  O'Sullivan. 
Vol.  XLIX.,  p.  58  ;  year  1888. 

“Tlie  Determination  of  the  Molecular  Weights  of  the  Carbohydrates.”  By  Horace 
T.  Brown  and  G.  Harris  Morris.  Vol.  LIIL,  p.  810  ;  year  1888. 

“  Amylo-dextriu  of  W.  Nageli,  and  its  Relations  to  Soluble  Starch.”  By  Horace 
T.  Brown  and  G.  Harris  Morris.  Vol.  LV.,  p.  449  ;  year  1889. 

“Determination  of  the  IMolecular  Weights  of  the  Carbohydrates.”  By  Horace  T. 
Brown  and  G.  Harris  Morris.  Vol.  LV.,  j).  482  ;  ye.ar  1889. 

“Researches  on  the  Germination  of  some  of  the  Gramineie.”  Part  I.  By  Horace 
T.  Brown  and  tJ.  Harris  Morris.  Vol.  LVII.,  p.  458  ;  year  1890. 

“  Invertase  :  a  Contribution  to  the  History  of  an  Unorganised  Ferment.”  By  C. 
0'.Sullivan  and  E.  W.  Tompson.  Vol.  LVII.,  p.  884  ;  year  1890. 

“The  Estimation  of  Cane-Sugar.”  By  C.  O'.Sullivan  and  E.  W.  Tompson.  Vol. 
LIX.,  p  48  ;  year  1891. 

“  On  the  Searcli  for  a  Cellulose-dissolving  Enzyme  in  tlie  Digestive  Tract  of  certain 
Grain-feeding  .\nimals.”  By  Horace  T.  Brown.  Vol.  LXL,  p.  344  ;  year  1892. 

“The  Hydrolytic  Functions  of  Yeast.”  Part  I.  By  .James  O'Sullivan.  Vol. 
LXL,  p.  593  ;  year  1892.  Part  II.  Vol.  LXL,  p.  928  ;  year  1892. 

The  following  paragruphs  (227 — 233)  consist  largely  of  a  summary  of 
the  conclusions  arrived  at  and  adduced  in  these  papers,  afti'r  careful 
collation  with  each  other,  and  the  work  of  other  investigators. 

BKOWN,  IIKKON,  AND  MUKKIS’  UKSHAHCIIKS. 

227.  Malt  Extract  employed.—  It  was  found  that  a  cold  acpie- 
ous  infusion  of  malt  was  the  most  convenient  diastasic  agent  to  em|)loy, 
as  diasta.se  when  emjiloyed  in  a  pure  state  was  lialile  to  considei’ahh' 
variations  in  activity.  A\'ith  jiroper  jirecautions,  the  acjueous  infusion 
of  malt  admitted  of  any  degree  of  accuracy.  Tlie  infusion  or  malt 
extract  was  jirepared  by  mixing  100  grams  of  finely  ground  pale  malt 
with  2.50  c.c.  of  distilled  watcu‘.  This  mixture  was  well  stirnsl  and  tlum 
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allowed  to  stand  for  from  six  to  twelve  hours,  and  then  liltei’ed  bi'ight. 
This  exti'aet  had  a  sja'cific  gravity  of  lOdli  — 1040. 

228.  Action  of  Malt  Extract  on  Cane  Sugar.  Alalt  ex 

ti'act  is  caj)ahl(‘  of  ‘‘inverting”  cam*  sugar,  />.,  changing  it  into  gluco.se. 
The  term  “inventing”  is  dei'ived  fiom  the  tact  that  the  resulting 
mixture  of  glucoses  exerts  a  left  handed  rotary  action  on  polarised  light, 
while  the  oi-iginal  sugar  is  dextix)  rotary.  Tiie  maximum  etlect  is  pro¬ 
duced  at  about  5“)°  C.  ;  it  is  much  weaker  at  60°,  almost  destroyed  at 
60°,  and  entirely  destroyed  by  boiling. 

229.  Action  of  Malt  Extract  on  Ungelatinised  Starch. 

-According  to  Brown  and  Hei'on’s  eailier  researches,  malt  extract  is 
inca})able  of  acting  on  unaltered  starch;  and  even  when  contact  between 
the  two  is  maintained  for  a  considerable  time,  not  tin*  slightest  action 
is  ])erc(‘ptible  at  oi'dinary  temi>eratures. 

Notwithstanding  this,  it  is  well  known  that  the  starch  of  seeds  is 
attacked  and  dissolved  during  the  natural  act  of  gernnnation  ;  but  this 
action  they  viewed  as  being  inse})arable  from  the  liA’ing  functions  of  the 
vegetable  cell. 

This  statement  is  at  variance  with  that  of  Baranetzky,  who  avers 
that  “the  starch  granules  of  different  kinds  are  acted  on  with  uneijual 
rapidity  by  the  diastasic  ferments  of  })lant  juices,  the  strongest  ferment 
of  all,  malt  diastase,  being  well  known  to  have  no  pei'ceptible  influence, 
even  after  long  (‘xposurtg  on  solid  potato-starch  granules,  while  wheat 
and  buck-wheat  are  dissolved  witli  facility.” 

In  a  more  rt'cent  paper  on  Genniuation  of  some  of  the  Graminece, 
1890,  Brown  and  INlori'is  refei'  to  Brown  and  Heron’s  paper  of  1879, 
and  the  conclusion  then'in  expressed  is  that  ungelatinised  starch  is  not 
act(“d  on  by  malt  extract,  no  “  pitting  ”  of  tlu*  granule  or  disintegration 
being  produced  by  aiditicial  means.  They  also  refer  to  Baramffzky’s 
memoir,  and  confirm  his  statenumt  that  solid  potato-starch  granules 
(which  liad  been  exclusivady  us(‘d  by  O’Sullivan  and  themselves  in  their 
previous  rc'searches)  art'  highly  resistant  to  diastase.  They  further 
find  that  well-washed  and  highly-puritied  barh'V-starch  is  in  a  few  days 
“  pitted,”  disintegi-att'd,  and  dissolved  by  a  cold-water  extract  of  aii'- 
drie  1  mall,  fhe  action  bt'ing  facilitatt'd,  as  shown  by  llaranetzky,  by 
tint  prt'st'iice  of  a  minutt'  ipiantity  of  acid.  They  treated  stant'  well- 
purified  ungelatinised  A^r/rr-starch  with  a  solution  of  precijiitafed  malt 
diastase,  to  which  0‘006b  per  ct'iit.  of  formic  acid  had  been  added 
(Acid  of  this  degret'  of  solution  has  no  action  on  barh'y-.starch.)  A 
tiace  of  chloroform  had  also  been  emiiloyed  in  order  to  pri'vent  putre¬ 
factive  changes.  The  starch  was  vigorously  attacked,  with  the  pro¬ 
duction  of  mallos('  as  the  oidy  optically  active'  substance'  pe'oeluce'il. 

At  liighe'r  te'inpe'ratui'e's,  eliastase'  eer  malt  e'xti’ae't  ;icts  eui  ungelatinise'el 
stench  ;  thus  Leevibemel  (“  I’.rewing  with  Beiw  Crain”)  steite's  theit  the 
eliH’usive'  eiclion  of  the'  eliasleise'  through  the'  steirch  ce'll-wedl  is  sutlicie'nt, 
eit  high  te'mpe'reUui-e'S,  te)  eti’e'ct  the'  hyelreelysis  eef  the'  steire'h  gi‘einule)se. 
The'  te'mpe'reiture's  at  whie-h  he'  weirke'el  we'ie',  heewe've'r,  not  imie'h  be'leew 
those'  give'll  feel'  iiu'ipie'iit  ge'lat inisat ion.  'I'he'  author  edsei  limis  that  on 
mashing  wheat  Hour  with  midt  e'xtract  for  eome'  time'  at  tenun'rature'S 
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below  the  geliitinisiiiijj  point,  consulenible  quiuitities  of  starch  sutler 
hydrolysis. 

Lintiier  j^ives  the  following  table  of  the  (piantities  of  un<j;elatiiused 
starch  dissolved  by  treatment  with  malt  extract  at  various  temperatures. 
The  digestion  was  allowed  to  proceed  for  four  hours,  but  in  the  case  of 
the  higher  tcunperatures  was  jiractically  completii  in  about  twenty 
minutes.  The  n'sults  are  given  in  percentages  of  the  total  starch  taken 
for  the  e.\)ieriments  : — 


ACTION  OF  MALT  EXTKACT  ON  UNOEL.VTINISED  STAHCII. 


1  50  C. 

55'  C. 

tiO’  c. 

05  C. 

Ter  Cent. 

Per  Cent. 

Per  Cent. 

Per  Cent. 

Potato)  Starch,  ... 

0-13 

5-03 

52-68 

90-34 

Kice  ,, 

6-58 

9-6S 

19-68 

31-14 

Wheat  ,, 

G2-23 

91-08 

94-58 

INIaize  ., 

2-70 

18-50 

54-60 

Hye  „  . 

25-20 

39-70 

94-50 

Oat  ,, 

9-40 

48-5 

92-50 

93-40 

Parley  ,, 

12-13 

53-30 

92-81 

96-24 

Green  Malt  Starch 

29-70 

58-56 

92-13 

96-26 

Kilned  ,, 

13-07 

56-02 

91-70 

93-62 

230.  Action  of  Malt  Extract  on  Bruised  Starch.  —As  the 

next  step  in  the  investigation,  some  starch  was  ne.xt  triturated  in  a 
mortar  with  jiowdered  gla.^s.  This  treatment  results  in  cutting  the 
cellulose  envelopes  of  the  granules.  The  starch  granulose  is  then 
exposed,  and  on  being  treated  with  malt  extract  rapidly  undergoes 
conversion.  The  product  consists  principally'  of  maltose,  tlie  actual 
results  obtained  in  one  e.xperiment  being  that,  after  remaining  si.N 
hours,  the  clear  solution  contained — 

INIaltose,  ...  ...  iSb-3 

Dextrin,  ...  ...  IC'D 

Cellulose,  ...  ...  3*2 


100-0 

After  twenty'-four  hours  in  the  cold  the  maltose  had  sufl’erial  a  slight 
increase  ; — 

Maltose,  ...  ...  91-4 

Dextrin,  ...  ...  7  0 

Cellulose,  ...  ...  1 -G 

100-0 

It  will  be  noticed  that  under  these  circumstances  a  small  (piantity  of 
cellulose  becomes  dissolved. 

231.  Action  of  Malt  Extract  upon  Starch  Paste  in  the 

Cold. — At  ordinary  temperatures  malt  extract  acts  upon  starch  paste 
(gelatinis(“d  starch)  with  gri-at  rajiidity  ami  energy.  In  100  c.c.  of 
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stiu'cli  solution,  containing  lictwecn  3  and  4  per  cent,  of  solid  matter, 
the  addition  of  from  .3  tc)  10  c  c.  of  the  malt  e.\traet  causes  the  starch 
to  become  perfectly  limpid  in  from  one  to  three  minutes.  Immediately 
aft(‘r  arriving  at  this  point  the  solution  ceases  to  give  a  blue  coloui’a- 
tion  with  iodine.  Amyloins  are  shown  to  be  pre.sent  by  the.  brown 
reaction  with  iodine,  and  do  not  disapjiear  within  .some  iive  or  si.N 
minutes  from  the  commencement  of  the  e.Nperiinent.  In  this  case  also 
a  small  ([uantity  of  starch  cellulose  is  dissolved,  but  is  slowly  re-deposited 
on  the  liciuid  standing.  After  remaining  three  hour.s,  thri'e  e.Nperiments 
gave  a  mean  of  :  — 

iNlalto.se,  ...  ...  80‘4 

Dextrin,  ...  ...  19-G 


1000 

as  the  composition  of  the  solution,  resulting  from  h3’drolysis  b}’  malt 
extract. 

232.  Action  of  Malt  Extract  at  higher  temperatures. — 

At  temperatures  of  40°  and  30°  C.,  the  ultimate  products  of  the  action 
of  malt  extiact  are  found  to  be  practically  the  same  as  in  the  cold, 
but  the  point  r)f  disappearance  of  amyloins  is  reached  somewhat  less 
rapidl\^  At  'G0°  C.  the  action  is  weakened,  but  still  jiroceeds  suHicientlv 
far  to  i)roduce  jiracticalh^  the  same  amount  of  maltose.  At  still  higher 
temjjeratures  the  ti'ansfoi’ination  of  thedexti  in,  first  formed,  into  maltose 
goes  on  much  more  slowlv.  Also,  tlu^  action  of  the  diastase  of  the  malt 
extract  ma}’  be  weakened  bj’  the  addition  to  it  of  dilute  alkalies.  Such 
treatment  results  in  limiting  the  extent  to  which  the  conversion  r)f 
dextrin  into  maltose  procc'ed.s.  The  results  ma_v  be  summed  u})  bj' 
stating  that,  bj’  modilications  of  the  treatment  of  staich  j)aste  with 
malt  extract,  certain  fixed  points  may  be  obtained  repre.smiting  several 
dilTerent  molecular  transformations  of  starch. 

233.  Molecular  Coustitution  of  Starch,  Dextrin,  and 

Maltose.  -The  historical  development  of  the  modernlv  lield  hypothesis 
of  the  molecular  constitution  of  staich  is,  in  view  of  the  importance  of 
the  subject,  of  con.siderable  intiu'csl.  Drown  and  ITeron,  in  their  paper 
on  Starch  and  its  7'ransjonnations,  1^79,  considered  that  the  most 
natural  coiu'lusion  that  can  be  d(‘ri\cd  from  th(‘  varying  pro]iortions  of 
de.vtrin,  obtained  in  modifications  of  the  hydrolysis  of  starch  pastt'  b_v 
malt  extract,  is  that  there  are  sevaual  dextrins,  and  that  tla'st'  dextrins 
are  polymeric,  and  not  metameric  bodic's.  I  laving  adopted  this  yit'w, 
Drown  aid  1  leron’s  results  h'd  them  to  the  o])inion  that  tlu'  simplest 
molecular  formula  tor  soluble  starch  is  lUC,.dLuD„|,  which  may  also  be 
written  change  jiroduced  by  the'  addition 

of  malt  extract  would,  then,  be  represential  bj' 

^laxKidsoxiu^^ioxio  Jl.jt)  =  C'laxiil  fjiix!)^  \i)xii  T 

Soliililu  Stai'cli.  Water  Erj  lliio-de.xtriii.  (t  .Maltose. 

That  i.s,  one  of  the  groups  of  having  combint'd  with  water  to 

form  maltose,  the  remaining  nine  groups  constitute  tlu'  first  or  most 
comjilex  dextrin.  Dy  tlu'  assimilation  of  another  molecule  of  water, 
the  nine-group  dextrin  breaks  up  into  a  second  molecule  of  maltose 
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iind  Au  ei,i;lit-,ii[roxip  (h'Nti'in.  Tliis  reiiotioii  proceeds  tlirougli  successive 
.stAges  until  linally  the  oiux  group  dextrin,  Cijllj/)!,,,  is  in  its  turn 
transfornu'd  into  maltose.  There  an*  thus  theoretically  possible  nine 
polymeric  moditicatixxns  of  de.xtrin  ;  the  two  higher  of  these  are  erythi'o- 
<lextrins  ;  the  remaining  sc'ven  are  achroo-dextrins.  The  most  stalxle  of 
the  whole  of  these  dextrins  is  that  resulting  from  the  eighth  transforma¬ 
tion,  having  the  comixosition  C,.j,(oH2o„.2()j|ix.2 :  the  hydrolysis  of  starch, 
with  the  production  of  this  dextrin,  would  then  lie  represented  by 

^12X10^^20X10^^0X10  "t  ‘^HjO  =  b'ljxgl  looxo^^ioxa  "t  ^^n2H220jj. 

SoUilile  Starcli.  Aclii'i)i)-ilc.\trin.  ^  .Maltose. 

In  the  more  recent  paper  by  Brown  and  IMorris  {The  Non-cry stallisabk 
Froditcis  oj  the  Action  of  Diastase  upon  Starch,  1885),  tiiey  adduce 
evidence  in  favour  of  a  third  body,  maltodextrin,  being  formed  as  an 
intermediate  product  during  the  hydrolysis  of  starch ;  as  previously 

C,2H.„0 


mentioned,  they  ascribe  to  this  body  the  formula.  -  Cj2H2)Oio.  From 

'  iCi2ll2oOio 

this  it  will  be  seen  that  maltodextrin  is  composed  of  a  molecule  of 
maltose  united  with  two  of  the  one-group  dextrin.  Viewed  in  the  light 
of  the  existence  of  this  intermediate  iiroduct,  they  then  regarded  the 
following  as  the  simplest  molecular  formula  for  starch,  capable  of 
accounting  for  the  various  reactions  observed  during  its  hydrolysis — 

'(Ci2H2,Oi„)2 
(b'i2ll2oOlo)3 

(C’i2H2oOio)3 
(Ciji  r2(,Ojo)3 
^CJ.2H2^0J^,)3 

In  accordance  with  this  hypothesis,  the  first  step  in  hydrolysis  consists 
in  the  lesion  of  one  of  the  ternary  groups,  which  is  transformed  into 
maltode.xtrin  by  the  assimilation  of  a  molecule  of  water,  thus — 

(C,2li2oO.„)3  +  IFO  = 

One  of  tlie  Jive  ternary  groups  Water.  Maltude-Ktrin. 

constituting  the  starch  molecule. 

.Malt  e.xtract  ellects  the  complete  conversion  of  maltodextrin  into 
maltose — 


C,2lU)„ 

(Cjol  l2yO]|,)2 
.Miiltiidfxtrin. 


•2 11.0 
M'atei'. 


3C,2lT220„. 
-M  iiltose. 


In  the  change  producing  maltode.xtrin,  the  remaining  four  ternary 
groujis  of  (C-V,! l2,|Oio);;  unite  to  form  the  most  complex  of  the  dextrins. 
As  the  hydrolysis  continues,  the.  remaining  ternaiy  grouj)s  undergo 
successively  the  sana^  change  until  one  only  I'cmains  :  tliis  is  identical 
with  that  before  referred  to  as  achroo  dextrin  Q.  d'he  view  that  the 
starch  molecule  contains  lifteen  of  the  C,2H2i|V,i|  grouji  inst(‘ad  of  ten, 
requires  that  this,  which  maybe  distinguished  as  “stable  de.xtrin,”  shall 
consist  of  three  groups  of  Cj2ll2u^hu  instead  of  two:  this,  of  course', 
makes  the  formula  the  same  as  that  of  one  of  the  te'rnary  groups.  TIai 
reaction  for  the  production  of  stable  (h'.xtrin  is  then  re'presented  by  the 
following  equation  : — 
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l.i2 


/  ^10)3 

(CJV),o)3 

■  ( c,oH,,.o,„)3  + 1  -'1  Ip  =  -  C,J  + 1  ■2C,J  r.„o,.. 

I  (^12^20^^10):!  i^*i2^^20^  ^10 


Soluble  Stiiivh.  Water.  Stable  Dextrin.  .Maltose. 


Sucli,  very  brieHy  .suimiiiifi.se(l,  tvero  the  opinions  iiflvanced  by  iirown, 
Heron,  and  Morris,  up  to  ISSb,  as  to  tlie.  rtdative  molecular  constitutions 
of  starcli,  dextrin,  and  maltose. 

In  1888  and  1889,  llrown  and  INlorris  contributed  to  the  Chemical 
Society’s  Journal  two  most  important  pa})ers  on  T/ie  Molecular  U  eights 
of  the  Carl>oh)drates.  To  these  jiapers  reference  has  alrtuidy  been  made 
in  tlie  commencement  of  Chaptfu-  VI.  Jly  tlie  a])plication  of  llaoult’s 
method,  the  molecular  M'eights  of  starcli  and  the  jiroducts  of  its  hydro¬ 
lysis  were  detinitely  determined.  Among  these  determinations,  jirobably 
the  most  important  M'as  tliat  of  dextrin.  This  was  made  as  a  preliminary 
to  the  estimation  of  tliat  of  soluble  starch.  It  has  been  already  shown 
that  these  chemists  vieu'  starch  as  a  coimiound  of  live  de.xtrin  groups. 
In  their  1889  paper  they  say  : — 

“  When  the  comjdex  molecule  of  starch  is  broken  down  liy  diasta.se, 
under  the  conditions  most  favourable  to  its  complete  hydrolysis,  we 
have  shown  that  a  jioint  of  eijuilibrium,  or,  speaking  more  strictly,  a 
resting  point  in  the  reaction  is  reached,  whim  the  amount  of  dextrin 
produced  corresjionds  to  one-fifth  by  weight  of  the  amount  of  starch 
taken;  that  is,  when  the  mixed  products  have  [a]  y-sso  =  1 

3  K«  = 

“  This  reaction  is  repre.sented  in  the  .simplest  form  by 

;)C|2ll2iiOj|)  +  IH.jt )  =  Cj.jl  12(1-^10  +  dC’joH.j.jOjj. 
starcli.  Water.  Doxtriii.  Maltose. 


“  If  the  production  of  maltose  and  dt'xtrin  during  hydrolysis  is  to  be 
considerial  as  due  to  a  molecular  degradation  of  the  starch,  and  we 
think  the  (widence  in  favour  of  this  is  almost  conclusive  ;  then,  no 
matt(>r  xvhat  view  we  may  take  of  the  actual  manner  in  tvhich  this 
degradation  takes  place*,  wti  cannot  escape  from  the  conclusion  that  the 
molecule  of  stable  dextrin  of  the  above  Cijuation  is  one  fifth  of  the  size  of  the 
soluble  starch  molecule  from  which  it  has  been  derived.” 

Brown  and  Heron  determined  by  Baoult’s  method  the  moh'cular 
weight  of  this  de.Ntrin,  and  thus  indirectly  that  of  starch.  In  the  next 
place  th(*y  jiroceeded  to  considt'i'  whether  Baoult’s  method  was  capable 
of  throxving  any  light  on  the  relations  of  tlu*  dextrins  to  each  other,  it 
being  a  matt**!*  of  the  highest  theoretical  importanci*  to  (h'termine 
whether  these  bodi(*s  constitute  a  si'ries  of  iiolj'iner.s,  or  whether  they 
stand  merely  in  metameric  relation  to  each  other.  Accordingly  .some 
of  the  so-called  higher  dextrins  wi-ri*  pr(‘}iar('d  ;  that  is,  those  which 
result  from  starch  hydrolysis  airested  at  its  earlii'r  stages.  A  com¬ 
parison  of  the  results  thus  obtained  all'orded  no  evidi'iice  of  there  being 
any  dill'eri'iice  in  the  molecular  wi'ights  of  (la*  higher  and  lower  di'xtrins. 
Brown  and  Morris  summarisi*  their  conclusions  liy  saying  that  there 
being  no  dill'erences  in  the  various  dextrins  when  treati'd  by  Baoult's 
method,  “goes,  in  our  opinion,  a  long  way  towards  i>roving  that,  after 
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Jill,  the  (lextrins  are  iiietanuM-ic,  and  not  iK)lyinerie.  If  this  is  admitted 
as  even  prohahly  correct,  it  becomes  lu'cessary  to  consider  how  far  our 
previous  views  on  the  breaking-down  of  the  starch  molecule  must  be 
moditied  in  order  to  include  the  new  facts.”  brown  ;uid  Morris 
enunciate  the  following  hyi>othesis  as  b(>ing  more  in  accord  with  the 
tacts  : — 

“  AVe  may  picture  the  starch-molecule  as  consisting  of  four  comple.x 
jimylin-groups  arrangtal  round  a  fifth  similar  group,  constituting  a 
molecular  nucleus. 

“  The  first  iiction  of  hydroh’sis  by  diastase  is  to  break  up  this  complex 
inoh'cule,  and  to  liberate  all  the  five  ainylin  groups.  Four  of  these  gi'oups 
when  libenited  jire  capable,  by  successive  hydrolysations  through  nuilto- 
ilextrins,  of  being  rapidly  and  completely  converted  into  maltose,  whilst 
the  central  anyyliu  nuch'us,  by  a  closing  up  of  the  molecule,  withstands 
the  influence  of  hydrolysing  agents,  jind  constitutes  the  stable  dextrin 
of  the  low  eijuation,  which,  as  we  know,  is  so  slowly  acted  upon  by 
subsequent  treatment  with  diastase.  The  four  readily  hydrolysable 
amylin-groups  we  look  upon  as  of  e(iual  value,  and  in  their  original 
state  these  constitute  the  so-called  high  dextrins,  which  can  never  be 
separated  completely  from  the  low  dextrin  by  any  ordinary  means  of 
fractionation. 

“This  hypothesis  provides  for  intermediate  maltodextrins  or  amylo- 
ilextrins,  whose  number  is  onl}’  limited  bi'  the  size  of  the  original 
anndin-grouj). 

“  Each  amylin-group  of  the  five  has  a  formula  of  and  a 

molecular  weight  of  G480  ;  so  that  the  entire  stiirch-molecule,  or,  more 
correctly  sj)eaking,  that  of  soluble  stai'ch,  is  repre.sented  by  D(Cj2lIji)Ojg)2|„ 
having  a  molecular  weight  of  32,400.” 

In  their  Text  Book  of  the  Science  of  B}'e7vi)nc^.  published  in  1891, 
Moritz  anil  Alonis  further  ex])lain  that  probably  the  outer  Jimylin- 
groups  cannot  exist  iis  such,  but  immediately  on  separation  from  the 
central  nucleus  are  partially  hydrolysed,  yiekling  amyloins  of  possibly 
the  very  highest  tyjie.  These  amyloins  are  gradually  hydroly.sed,  being 
split  up  into  smaller  aggregations,  which  con.stitute  the  various  malto- 
<lextrins. 

234.  Effect  of  Heat  on  Diastasis. — The  i^ajiidity  of  diastasic 

action  is  considerably  influenced  by  variations  of  temperafun* ;  (xxtreme 
cold  practically  inhibits  it.  Starting  from  ordinary  temperatures, 
<liastasis  ra])idly  incrixises  as  the  temperature  rises,  until,  according  to 
Kjeldahl,  o4°  C.  (129°  E.)  is  reached  — -fi’om  that  tempei’aturi'  until  fi.T 
C.  (145°  F.)  it  renuiins  fairly  constant,  and  then  rajiidl}'  decr(‘as6“s  with 
Jiny  furtlu'r  rise  in  temjierature,  being  entirely  destroyed  ;it  80— -81°  C. 
(170-- 177'8°  F.j.  Liutner,  working  with  soluble  sfjirch,  placi's  the 
optimum  tempi'rature  at  50 — 55°  C.  (122  —131°  F.). 

Liutner  c;ire,fully  investigated  the  effect  of  heat  on  diastase'  itself  by 
elissolving  similar  ([uantifies  f)f  diasfasee  in  wafer,  and  tlu'n  heating  the 
various  solutions  to  55°  (,'.  (131°  F.)  for  vjuying  periods  of  time,  and 
then  determining  the  ([uantity  of  each  solution  r('(|uisite  to  conve'rt  tlu; 
same  amount  of  .starch.  He  obtjiined  the  following  I'csults 
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Of  tlu*  unti-eiitod  solution  O’do  c.c.  wns  I'oquired. 

After  lieating  l’O  ndiiutes  nt  of)"  C..  IdO  c.c.  of  solution  was  recjuisitc. 

n  dO  „  „  1-75  c.c.  ,, 

fiO  c  c 

OV  ,,  - - ,,  ,, 

I>y  prolonged  sulijection  to  this  teinperatun'  the  diastase  was  much 
weakened  ;  hut,  whei-e  starch  and  its  ti'ansformatioic  products  are  ju’c- 
.sent,  the  diastase  does  not  sutler  to  a  like  (‘.xtent  on  snhjection  to  this 
tenip(‘rature,  the  strength  heing  reduced  hy  about  only  half  the  amount 
when  heat('d  in  water  alone.  These  results  sliould  he  compared  with 
those  of  Brown  and  Heron,  cjuoted  in  jiaragraj)!)  on  Nature  of 

Diastase. 

235.  Effect  of  Time  and  Concentration  on  Diastasi?. 

Othei’  conditions  being  the  same,  the  time  occupic'd  in  producing  a  given 
amount  of  reaction  dejiends  on  the  (juantity  of  diastase  present.  Con¬ 
centration  within  wide  limits  has  little  etiect  on  the  rajiidity  of  diastasic 
action  ;  Kjeldahl  states  that  <aiual  (puintities  of  dia.sta.se,  acting  at  the 
same  temperature  and  for  the  same  period  of  time,  elfect  the  same 
amount  of  conversion  in  solutions  ditlering  widelv  in  di'grt'e  of  concc  n 
t rat  ion. 

236.  Other  Conditions  favour.ible  and  Inimical  to 

Diastasis.-  Kjeldahl  states  that  very  minute  quantities  of  sul])hui’ic, 
hydrochloi'ic,  and  oiganic  acids  acceleiate  diastasis,  but  large  (juantities 
retard  it.  Lintnei’  states  that  sulphuric  acid,  to  the  extent  of  U'OOd 
per  cent.,  very  slightly  increases  the  activity  of  diastase;  that  O'Ol  ])er 
cent.  i-('tards  it,  and  010  |ier  cent,  exei'cises  a  destructive  action.  JIi' 
also  finds  tliat  0  OOl  pei-  cimt.  of  ammonia  retards  diastasis,  O'OOo  per 
cent,  almost,  and  O  il  per  cent,  entirely  stops  the  I'eaction.  '1  he  intluence, 
not  only  of  these,  but,  t)f  course,  other  substances,  (h'pends  on  their  d(‘g'i'C(' 
of  concentratit)!!.  Speaking  genei'ally,  acetic  and  hydrocyanic  acids, 
strychnine,  (piinine,  and  the  salts  of  these  base.s,  vm-y  slighty  ivtard  the 
action  of  diasta.se.  Alkaline  carbonates,  dilute  caustic  alkalies,  ammonia, 
arsenious  acid,  ajid  magiu'sia,  exercisii  a  somewhat  gi'eater  retariliug 
inthumce,  dopending  on  the  amount  of  thesi'  bodies  added.  The  follow 
ing  bodies  conqih'tel}'  prevent  the  action  of  diastase  u})on  starch  nitric, 
sulphuric,  ]diosphoiic,  hydrochloric,  oxalic,  tartai’ic,  citric,  and  salicylic 
acids;  caustic  potash,  soda,  and  lime;  cojiper  suljihate  and  acetntt' : 
iiKU'curv  chloride,  silvei-  niti-ate,  iron  persulphate,  alum,  and  borax.  <  )n 
the  other  hand  alcohol,  etlu'r,  chloroform,  thvTuol,  ci'cosote,  essence 
of  tuipentine,  cloves,  lemon,  mustaid,  d'c.,  ('xert  no  retarding  intluence 

In  easf's  wlau'e  it  is  (h'sii'cd  to  suddeidy  arri'st  the  action  of  diastase 
in  chemical  changes,  salicylii-  acid  forms  a  convenient  agcml.  In  lUO 
c.c.  of  solution,  O'UIO  giam  of  .salicylic  acid  almost  destroys  tiu'  activity 
of  th(‘  diastast*  in  b  c.c.  of  ID  per  emit,  malt  extract  solution,  while  0  Got) 
gi-am  conqiletely  arrests  all  action.  In  any  matm-ial  eont, -lining  diastasi* 
and  stai'ch,  treatment  with  /v;///yg  SO  per  cent,  alcohol  completely  para¬ 
lyses  any  subsequent  act  ion  of  the  diastase  wit  hout  gidat  inising  the  starch. 

Where  it  is  wished  to  prevent  fermentation  or  putrefaction  without 
retarding  diastasis,  the  addition  of  small  (|uantities  of  chloroform  or 
thymol  produces  tlu' desired  ellect.  ('hlorotorm  is  conx'mdent ly  used  in 
the  foi'in  of  chloroform  water,  containing  ■’>  c  c.  of  chloroform  to  the  litre. 
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237.  Ptyalin  and  Amylopsin. — Ptyivlin  is  found  in  huinan 
saliva,  and  at  an  optiinuin  tomppratiirn  of  .35°  C.  converts  starch  paste 
into  dextrin  and  maltose  ;  tlie  rt'action  beinji;  identical  with  that  pi'o- 
duced  l)v  diastase.  Ptyalin  acts  best  in  a  neutral  medium,  but  is  but 
little  affected  by  small  amounts  of  alkali ;  a  very  small  (juantity  of  acid, 
however,  arrests  its  activity,  conseiiuently  the  diastasic  action  of  ptyalin 
is  d>stroyed  on  the  mixture  of  food  and  .saliva  encounterinif  tlu'  acid 
gastric  juice  of  the  stomach.  Ptyalin  is  without  effect  on  cellulo.se,  and 
hence  intact  starch  granules  are  not  digested  by  its  action. 

Amylopsin  is  an  enzyme,  very  similar  to  ptyalin,  found  in  the  pan¬ 
creatic  juice,  where  it  performs  important  digestive  functions  on  starchy 
foods. 

238.  Raw  Grain  Diastases. — Earlier  observers  have  pointed 
out  that  barley  contains  more  coagulable  proteids  than  does  malt,  3’et 
fresh  barley  extract  exerts  but  little  diastasic  action.  Experiments, 
on  which  these  observations  were  based,  were  made  with  starch-paste, 
but  more  recent  investigations  in  which  .soluble  starch  is  employed 
show  that  in  some  cases  raw  barley  is  more  activelj'  diastasic  than  is 
the  green  malt  jirepaivfl  fi’om  it.  Poth  from  barley  and  wheat  a 
diastase  mav  be  obtained  In'  the  same  methods  as  is  employed  for  its 
extraction  from  malt,  that  is,  by  treatment  with  L’O  per  cent,  alcohol, 
subse(iuent  precipitation  of  the  filtered  alcoholic  e.xtract  with  absolute 
alcohol,  and  drying  in  vacuo  ov'er  sulphuric  acid.  Lintner  and  Eckhardt 
have  examined  this  enzyme  in  order  to  deteimine  whether  or  not  it  is 
identical  with  malt  diastase.  For  this  jnii’iiose  the}'  took  quantities  of 
malt  and  baidev'  extracts  respectively,  having  the  same  diastasic  value 
as  det(‘rmined  In'  Lintner’s  methofl,  and  subjected  soluble  starch  to 
their  action  at  vaiying  temperatures.  They  found  that  malt  diastase 
had  the  greatest  activity  at  50°  C.,  and  the  most  favourabh'  pm-iod  at 
50 — 55°.  Paw  grain  (liastase,  on  the  other  hand,  showed  the  greatest 
activit}'  at  50,  and  the  most  favourable  period  at  45 — 50°.  At  4° 
the  raw  grain  diastase  had  as  high  a  reducing  power  as  was  jio.ssessed  iy' 
that  of  malt  at  14'5°.  The  conclusion  is  that  tlu^  two  forms  of  diastase 
are  distinct  from  eacli  other. 

A  moi'e  marked  and  impoi'ta.nt  distinction  between  these  two  enzj'iiies 
is  the  inabilit}'  of  that  from  i-aw  grain  to  effect  li(|uefaction  of  staia-h- 
paste,  while  if  ly  some  other  means  such  liipiefaction  is  effected,  raw 
grain  diastase;  energetically  converts  the  soluble-starch  into  dextrin  and 
maltose*.  Pi'own  and  iNleu'iis  notice;  that  the*  jxiwer  to  li(|ue‘f\'  steirch- 
jieiste*  einel  to  eroele*  the*  stiirch-granule  go  hanel  in  hanel  :  the*  obse*rve'el 
pre*sence;  or  eibsence*  of  e*ithe*i-  propei  t}’  affoi-ds  safe*  giound  for  predicting 
the  pre*.se'nce  or  ahse*nce*  of  the;  other  eef  the  two.  'fhe*  raw  grain  diasteise; 
is  prejbably  :in  unuse'd  re.sidue*  eef  an  e'lizyme  preiduce'el  eluriug  the*  pre- 
vieeiis  histeuy'  of  the;  plant. 

239.  “Artificial  Diastase”  of  Reychler.— This  worker  eli- 
geste*el  fre*shly  ]ire‘pare*el  whe*at  gluten  at  30 — 10°  foi*  ii  few  hours 
with  ve*ry  elilute;  iiciels,  ;inel  thus  forme*;!  an  opaleseient  solutieen  e*ontain- 
ing  considereible*  epiantitie*s  eef  prote*ids.  'fhe;  seelution  is  not  coiigulated 
by  beeiling ;  it  give-s  a  pre*cipitate*  with  a  fe*w  elro]is  of  ve'iy'  ililuP; 
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potash,  s()lul)le  iii  excess.  Tincture  of  ,<;uaiacuin  and  liydi-o^fen  jieroxide 
produc(*  an  intense  l)lue  colouration,  Init  not  if  tlie  solution  has  been 
l)reviously  boiled  or  treated  with  too  much  acid.  A  solution  of  the 
gluten  from  10  grains  tif  wheat  Hour  in  50  c.c.  of  dilute  acetic  acid  (1 
in  10,000)  gives  this  reaction,  which  according  to  Lintner  is  character¬ 
istic  of  diastase  most  distinctly.  Reychler  finds  such  solutions  to 
jKissess  a  similar  hydrolytic  action  to  that  poss(*ssed  by  diastiise,  and 
states  that  they  saccharify  starch-/<?.c/t’.  Reychler  finds  also  that  the 
soluble  proteids  of  wheaten  Hour  give  Lintner's  diastase  reaction  and 
h3’drolyse  starch. 

Rrown  and  Morris  refer  to  Reychler’s  researches  on  artificial  diastase, 
but  point  out  that  the  starch  transforming  powers  of  the  product  are 
essentially  dili'erent  from  those  of  malt  diastase.  Lintner  and  Eckhardt 
doubt  the  existence  of  Reychler’s  “  artiHcial  diasta.se,”  and  consider  it 
probably  identical  with  the  enzyme  of  ungerininated  grain,  and  not  a 
conversion-product  of  the  gluten.  This  view  is  based  on  the  fact  of  a 
close  examination  bj-  them  of  the  product  of  the  action  of  dilute  acid 
upon  the  gluten  of  wheat,  d  hej'  found  the  gluten  itself  to  possess 
diastasic  jiower,  which  jiower  was  greatly  increased  by'  the  action  of 
acids,  the  resultant  enzy'ine  closely  agreeing  with  raw  grain  diastase  in  its 
optimum  temperature  of  activity  and  general  character.  They  conclude 
that  gluten  contains  a  zymogen  (enzv'ine  generating  substance),  from 
which  the  artiHcial  diastase  is  i)roduced  by  the  action  of  the  dilute 
acid.  EgoroH’ experimented  by  dissolving  gluten  in  OT  per  ceTit.  acetic 
acid,  but  found  no  fresh  diastase  to  be  formed,  and  (‘iiunciated  the 
opinion  that  the  greater  power  possessed  by'  the.se  and  acjueous  solu¬ 
tions  of  converting  starch  into  )naltose  is  })robably  due  to  the  d*'- 
velojunent  (jf  a  liacterium  capable  of  etiecting  this  tran.sformation. 
Moi'itz  and  Morris  practically  endorse  Lintner’s  view  on  this  matter, 
and  suggest  the  identity'  of  “  artiHcial  diastase  ”  with  that  of  raw  grain. 
There  are  two  points  of  discrepancy'  here  :  Hrst,  the  enzyme  of  un- 
germinatt‘d  grain  is  soluble  in  water,  and  must  be  entirely'  washed 
away  in  the  jn-eparation  of  gluten  ;  second,  IR'ychler  distinctly  states 
that  his  artiHcial  diastase  acts  upon  starch-Zf^j/r,  and  describes  how  he 
prepai-es  the  .same,  namely',  by  making  '2  grams  of  starch  into  a  “paste” 
with  350  c.c.  of  water. 

It  is  inter(‘sting  to  not(^  that  as  early  as  1S79,  Ri'own  and  Heron 
]>ointed  out  that  tin*  comparatively  inactive  i)roteids  of  barley,  and  also 
wheat,  may'  b(i  rendered  mori^  (‘Hicient  as  diastasic  bodices,  afti'r  being 
ol)tained  in  .solution  ;  and,  conse(|uently,  independently  of  germination. 
If  cold  atpK'ous  infusions  of  bai'hw  and  wheatcui  Hours,  resjiectively, 
ha\'e  a  little  compressed  yeast  added  to  them,  and  them  are  allowed  to 
stand  f(»r  a  few  hours  at  30°  C.,  tlu'  solution  in  each  case  will  be  found 
to  have  considei-ably  increa.scd  in  diastasic  power.  A  nnxturt'  of  yeast 
and  caiu^  sugar,  undei'  the  s.aiiK'  conditions,  has  no  action  whatc'vc'r  on 
starch  :  therefore,  gi-owing  yeast  must  be  considered  as  capable  of  pro¬ 
ducing  certain  change's  in  the  inactive  ])roti'ids  of  wlu'at  and  barley, 
Ijy  means  of  which  tlu'v  are  ('iialHed  to  act  on  starch.  Such  action  on 
staich  is,  howcn'cr,  caused  by'  tin*  alH'cted  pi'oteids,  and  not  liy  tlu' 
yeast  itself.  Wliili'  sacc}inro)n\itS  act  thus  on  wheat  jiroteids,  tlu' 
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Si/iizontvii’tcs  not  ineivly  confer  no  diustiisic  power,  Imt  rajiidly  destroy 
that  which  the  solutions  may  have  orii,dnally  luissi'ssed.  It  is  possible 
that  the  action  here  ascribed  to  yeast  may  be  due  to  acidity  formed  by 
its  action. 

The  followin,if  experiments  were  undertakmi  by  the  author  with  the 
view  of  further  elucidating  the  problem  of  artificial  diastase.  A  filtered 
extract  of  Hour  was  jireparecl  by  taking  50  grams  of  high-class  English 
Hour  of  medium  strength,  and  shaking  uj)  witli  500  c.c.  distilled  wab'r,  in 
which  had  been  dissolved  2-5  c.c.  of  chloroform.  (The  object  of  tlie 
addition  of  chloroform  was  the  inhibition  of  any  bacterial  action,  without 
liindering  in  any  way  the  etlects  of  diastase.)  This  solution  was  allowed 
to  stand  for  half-an  hour,  Hltered  and  divided  into  two  portions — A 
and  J>. 

A.  — To  portion  A,  an  equal  volume  of  chloroform  water  was  added, 
and  the  diastasic  value  on  soluble  starch  by  Lintner’s  scale  determined 
immediately  in  a  part  of  the  solution,  according  to  the  method  descril)ed 
in  the  analytic  section  of  this  work.  Another  portion  of  this  diluted 
solution  was  treated  precisely  similarly,  except  that  freshly  prepared 
.starch  paste  was  substituted  for  Lintner's  soluble  starch. 

Al. — The  diastasic  action  reckoned  on  the  Hour  was  — 

With  soluble  starch,  ...  9'4°  Lintner. 

With  starch  paste,  ...  5-0°  ,, 

B.  — To  piortion  B,  an  equal  volume  of  0'2  per  cent,  hydrochloric  acid 
in  chloroform  water  was  addefl,  and  another  pair  of  similar  determina¬ 
tions  to  those  preceding  made  immediately,  with  the  following  results: — 

Bl. — The  diastasic  action  reckoned  on  the  Hour  was — ■ 

With  soluble  starch, j  less  than  ■2‘5  Lintner,  there  being 
With  starch  piaste,  J  practically  no  action  whatever. 

The  ])lain  5  per  cent,  solution  A,  and  the  5  per  cent,  solution  in  OT 
per  cent,  hydrochloric  acid,  B,  were  then  digested  twenty  hours  at 
30 — 35°  C.,  and  the  diastasic  capacity  again  measui’cd  with  results  as 
follows  : — 


A 2,  with  soluble  starch,  ...  14'3°  Lintner. 

„  with  starch  paste,  ...  4‘5°  ,, 

Wl,  with  soluble  stai’ch,'(  less  than  2‘5°  ,, 

,,  with  starch  jiaste,  j  action. 

In  the  ne.xt  place,  25  grams  of  Hour  were  taken  with  250  c.c.  chloro¬ 
form  water,  shaken  and  digested  together  for  twenty  hours  at  30  —  35° 

C.,  giving  pi-eparation  C.  Another  25  grams  were  similarly  treatisl 
with  2.)0  c.c.  of  OT  per  cent,  hydrochloric  acid  in  chloroform  watei-, 
and  digested,  being  preparation  I).  After  digestion,  diastasic  measure¬ 
ments  were  made  in  the  clear  filtrate,  with  the  following  results  : — 

C,  with  soluble  starch,  ...  10'0°  Lintner. 

,,  with  starch  juiste,  ...  4'0°  ,, 

1>,  with  soluble  starch,]  i  ,  .i  ,  0.!-° 

,,  with  stai'ch  past**,  J  *  “  *  ” 

Digestion  with  OT  per  cent.  hydr()chloric  acid 
confer  additional  diastasic  ca})acity,  but  practical  1 
])Ower  the  Hour  naturally  posse.ssed. 


not  onlv  does  not 
y  iidiibits  any  such 
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A  sei’ies  of  (‘xpei'inionts  wus  next  iii.Tfle,  in  which  O'Ol  per  cent,  acetic 
acid  was  sul)stitute(l  for  tlie  liydrochloric  acid.  As  ja-eviously,  all 
solutions  were'  treated  with  chlorofoi’in  to  jirev'ent  any  action  of  bacteria. 
t)f  th(>  saiiK'  Hour  as  lad’oi’e,  2o  yrains  wei'e  tak(‘n,  shaken  up  with  350 
c.c.  of  water,  and  filtered  aft(n'  half-andiour  standinj;.  An  e([ual  volunie 
of  0'02  pel'  cent,  acetic  acid  was  added,  inakiiiLC  a  O'Ol  per  cent,  acetic 
aciil  solution,  called  E.  Pi'enaration  k’  consisted  of  35  yranis  of  flour 
with  350  c.c.  of  O'Ol  per  cent,  acetic  aciil,  shaken  up  and  not  filtered. 
These  were  digested  for  twenty  hours  at  30 — 35°  C.,  and  the  mixture 
F  tiltered.  In  each,  diastase  determinations  were  then  made,  l)oth 
with  soluble  starch  and  starch  paste. 

E,  with  soluble  starch,  ...  3G'3’  Lintner. 

,,  with  starch  paste,  ...  15'1°  ,, 

E,  with  .soluble  starch,  ...  3t)'4°  „ 

,,  with  starch  paste,  ...  16'(5°  ,, 

The.se  experiments  show  that  v'ery  dilute  acid  (0  01  i)er  cent,  acetic) 
considerably  increases  diastasic  activity,  even  when  any  possible  hacterinl 
action  is  prevented,  by  the  ju'esence  of  chloroform,  throughout  the  wlu)le 
course  of  the  exjieriment.  Comparing  A3,  which  was  a  ])lain  solution  of 
the  dour,  digested  for  twenty  hours  after  filtration,  with  E,  which  was  a 
solution  of  th(^  same  strength,  acidulated  to  the  e.xtfuit  of  O'Ol  pei'  cent, 
with  acetic  acid,  afti  i  filtration  but  before  digestion,  there  is  an  increase 
in  diastasic  capacity  from  1  4'3°  to  3G'3°  Lintner  on  soluble  starch,  and 
from  4'5“  to  15'1°  on  starch  paste*.  I  la*  diastasic  activity  of  the  proteids 
actually  in  solution  has  been  d(*finitely  inci'i*ased  by  this  treatment.  It 
should  ])((  meticed  also  that  the  particulai*  diastase  pr(*st*nt  is  not  only 
capable  of  conv(*rting  soluble  starch,  hut  also  hydrolyses  staich  paste. 

In  (J  and  F,  the  whole  flour  and  water,  and  dilute  acid  respective*!}', 
were  elige*sted  toge*the*r  before  filtration.  Again  there  is  an  increase  in 
eliasteisic  cajeacity.  From  ;i  ceunparisou  eef  E  anel  E,  it  would  see*m  that 
very  little;  of  the  inci'e*ase*el  eliastasic  actieen  is  elue*  to  any  chiinge*  in  the 
inseeluhh*  ])rote*iel  eef  the  flour,  as  the  F  results  are  only  slightly  in  e.xcess 
eif  theese^  in  E.  It  is  ceii'ious  tee  note*  that  in  A3  ;inel  C,  beetle  e*xpe*i'iments 
with  phe.in  wate*i',  elige*stioie  afte'r  tilti'.'ition  yie'lels  ;i  more  eictive*  preeeluct 
than  eligesfieen  before  filtration. 

240.  Invertase  or  Zymase.  -  .Mfhough  elieistase  is  unable  to 

ciiri'V  the*  hveh'olysis  of  st.'ii'ch  fui'the*!'  than  into  maltose,  yet,  ;is  !dre*!iely 
stilted,  theu'e*  is  evielence  eef  malt  e*xti'act  cont, 'lining  ein  e*nzyuee*  ceipeible* 
eef  ceeiive'i'tiieg  e'iine*  sugiir  intee  glucose*.*  This  e*nzyme  h;is  be'e'ii  ti*i'meel 
zymase,  leaf  is  now  known  meere  coiemeeenly  eis  inve*rtase*.  For  pi'eicticiil 
]eiU'pose*.s  the*  pi'incip;il  seeiii'ce-  of  inve'rteis"*  is  be*e*r-ye*;ist,  fi'eem  which  it 
may  he*  scpeii'iite'd  iie  ei  feiii'ly  e'one'entr.'ife'd  foi'in.  O’Sullivan  einel 
Toieipsoei  I'ee'oieeme'nd  foi'  this  pue'peese*  theit  sounel  bi'e‘we‘i's’  yeeist  be* 
pe'e'sse'el,  iinel  (lie-n  ke'pt  ;it  the  eei-elinai'y  fempe'niture*  for  ii  moeith  or 


'  I'.e'iewii  aiiel  Ih  ron  eieleleicc  cNpci'iiiii'iital  pi'Deef  of  t lii.s  jBeeiiit  in  a  ceeeiti'ileiitieeii  tee 
the  .leieei'iiiil  eif  tlie  ( 'lie'ieiieeeil  Socieety,  Veil.  XX.W,  1 ih  peige  eiOh  ;  they  show  tli.at 
a  cane-.sne/u'  solution,  eifter  lieing  iliLtesleel  leir  lei  heini'.s  at  (',  with  eohl  weiteM' 
extnwt  of  ineilt,  eeintaineil  'Ji)'l  per  cent,  of  glncDse,  If,  em  the  other  heinei,  the  malt 
e.xtraet  wi're  previoeisly  hoileel  for  l.'i  niineites,  the  Jiereentage  eif  invert  sugar  was  re- 
to  0*2  per  cent. 
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two,  (lurinu:  wliicli  time  it  does  not  under, <fo  putrefaction,  lait  ehan,e,es 
into  a  lieaw  yellow  licjuid.  On  tilteriiiir,  this  yields  a  ch'ar  solution  of 
hi.U'h  hydrolytic  power,  eontaininy  all  the  invertase  of  tlu^  yeast  in 
solution.  This  licpud  has  a  sjieeitic  ,i’ravity  of  about  lOSO,  and  is 
termed  “  veast  li(|Uor  ”  by  O’Sullivan  and  Tompson.  This  li(pu)r  re¬ 
mains  for  a  lon,g  time  unaltered,  except  for  a  darkenin'^  of  colour.  On 
addinu;  .spirit  to  yeast  hhpior  till  it  contains  47  jier  cent,  of  alcohol, 
the  invertase  is  precipitated,  and  may  he  washed  with  spirit  of  the 
same  stren,i::th  and  dried  in  vacuo,  or  preserved  as  a  solution  hy  ex¬ 
tracting  the  precijiitate  with  'JO  }>er  cent,  alcohol,  and  tiltering,  when 
the  tiltrate  contains  the  invertase. 

Invertase  acts  rapidly  on  cane-su,e:ar  according  to  the  equation  :  — 

C,,II,30„  =  c«H,A  +  c,dr,/v 

Cai!e-Su,;;ar.  Dextrose.  Licvnlose. 

This  speed  of  inversion  increases  rapidly  with  the  temperature'  until 
55  -  ()0  is  reached.  At  65°  invertase  is  slowly,  and  at  75°  immediately 
destroye'd.  i\Iinute  (juantities  of  sulphuric  acid  are  exceedingly  favour¬ 
able  to  the  action,  hut  a  slight  increase  of  acidity  beyond  the  favourable 
l>oint  is  very  detrimental.  A  samjile  of  invertase  which  had  produced 
inversion  of  100,000  times  its  own  we'ight  of  cane-sugar  was  still  active' ; 
and  further,  invertase  it.self  is  not  injured  or  destroyed  by  its  action 
on  Ciine-sugar.  There  is  evidently  no  limit,  there'fore,  to  the  eunount 
of  sipgeir  which  can  be  hydrolyse'd  by  a  given  amount  of  invertase'. 
The  caustic  alkalies,  even  in  very  sniiill  projeeirtions,  are  instantly  anel 
irretrievably  elestructive  of  invertiise.  Tnvertase  is  without  action  em 
starch,  dextrin,  maltose,  elextrose,  hevulose,  anel  gum. 

241.  Intestinal  Invertase. — The  secre'tieens  eef  the'  snuill  in¬ 
testines  contain  ;in  enzyme  allieel  to  tlu'  invertiise'  of  be'e'r  yeast, 
inasmuch  as  it  inve'rts  cane-sugiir  intee  eh'xtrose  iinel  hevuleise  ;  it  alse> 
inverts  malteese  into  elextreise,  thus  diire'rin,g  from  the  invertiise  eef  ye'ast, 
which  hiis  no  iictiem  on  iiiiiltose,  Dreiwn  iinel  llt'ron  state'  tint  it  acts 
on  stiiT'ch,  but  Halliburton  is  eef  o])inie>n  tint  the;  bulk  eef  e'vielence  is 
agiiinst  the  presence  of  any'  such  eliastiisic  actieeii. 

242.  Pepsin  and  Trypsin,  -(’eellectively,  the  iluiels  e>f  the 
stejinach  are'  known  as  giistric  juice,  anel  contain  an  iictive'  prote'eelytic 
enzy'ine'  te'rmeel  pe-psin.  Pe*psin  may  be'  olitaineel  freem  tiie  mucenis 
meniln-iine  eef  the  stemneh  by'  extriiction  with  glvce'iin,  in  whii'h  jiepsin 
is  soluble'.  The;  jee'psin  is  preicipitaled  freem  its  glyce'iin  sedution  bv 
alcoheel,  elisseil ve'el  in  water  anel  fre'e'el  freem  Siilts  anel  pe'jitiene's  bv  eliiily'sis. 
Pepsin  isseeluble  in  water  tee  ii  muceeus  liepiiel,  but  is  inseeluble  in  iilceeheel 
or  ethe'i'.  J^e'jesin  is  eithe'r  ii  preete'id  eer  preete'id-like  sulestiince',  iinel  in 
the  jerese'iicee  eef  iin  iiciel,  jereteriibly  hyelreechherie',  iittiie-ks  iinel  ivipiellv 
elissolve's  inseeluble  preete'id  substiince's,  iis  the'  white*  eef  hiirel-heeile'el  e*ggs 
or  lean  bes'f,  conve*rting  tliem  intee  pe*pteene*s.  Pe*psin  is  meest  ac'tive'  at 
about  10°  C.,  iinel  leeses  its  powe'r  eeii  e'xpeesure'  tee  .57-  5S°.  'The'  aciel 
conditieeii  is  nee.'essiiry  tee  its  iiction,  iind  is  su|iplie'el  in  the*  giistric  juie'e' 
ley  the*  pre'se*nce  eef  hy'elreechleeric  iiciel,  which  in  the*  giistrie'  juie-e' eebtaine'el 
freem  the*  huniiin  steemach  iimounts  tee  0'(J:1  pe'r  ce'iit.,  anel  in  that  eef  the' 
dog  tee  O’.’IO  pe-r  ce'iit.  'I'he'  e*ne*rgy'  eef  pe'psin  is  imjeiiire'el,  iinel  iit  hist 
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arrost(‘(l  by  tli(‘  jieptoiips  pi’oduced.  Juried  pepsin  may  now  be  obtained 
as  ail  article  of  commerce,  bein,<(  prejiared  by  drying  under  10U°  F.  the 
fresh  mucous  lining  of  the  stomacli  of  the  jiig,  sheep,  or  calf.  In 
accordance  with  the  scheme  of  nomenclature  in  which  the  names  of  the 
<mzymes  end  in  ase,  the  name  of  this  body  is  frequently  written  peptase. 

Trypsin  occurs  in  the  pancreatic  juice,  and  is  allied  in  its  general 
bcliaviour  to  pepsin,  possessing  like  it  the  jiower  of  converting  })roteids 
into  iieptones.  It  differs,  however,  in  the  fact  that  it  acts  only  in  an 
alkaline  medium,  and  is  destroyed  by  the  jiresence  of  hydrochloric  acid. 

243.  Proteolytic  Enzyme  of  Resting  and  Germinating 
Seeds. — Heeds  generally  appear  to  contain  a  [iroteolytic  enzyme  in 
the  form  of  a  zymogen,  which  during  the  act  of  germination  becomes 
active,  ])robably  through  the  agency  of  a  small  amount  of  acid  pro- 
<luced  while  the  seed  is  germinating.  This  liody  converts  the  proteids 
<if  the  seed  into  pejitones,  leucin,  and  tyrosin.  Very  little  is  at  present 
known  as  to  its  action,  nor  lias  it  as  yet  been  isolated.  INIalt  extract 
and  diastase  in  its  various  forms  exert  a  marked  physical  ed'ect  on  the 
proteids  of  hour  during  bread  fermentation. 

244.  Other  Enzymes. — Among  other  enzymes  mentioned  in  the 
classitied  list  previously  given,  a  word  should  be  said  about  those 
included  in  the  group  of  coagulative  enzymes.  The  coagulation  of  blood 
on  leaving  the  body  is  due  to  an  enzAune  ;  so  also  is  that  of  muscle  at 
death,  in  the  case  of  the  stiffening  termed  n)^or  mortis,  known  in  this 
instance  as  the  myosin-ferment  or  enzyme.  Interest  attaches  to  this, 
as  the  animal  analogue  of  Weyl  and  Bischoff’s  myosin,  to  wliich  they 
ascribe  the  formation  of  gluten  in  the  doughing  of  wheaten  Hour. 

Hpace  do(‘s  not  pei'init  any  furtlier  reference  to  the  emulsi\'e  and 
.steatolytic  enzymes. 

DMTAILS  OK  APKI.IEIJ  HYDROLYSIS. 

245.  Empirical  Statement  of  Hydrolysis  of  Starch.— it 

will  be  seen  that  the.se  formula',  nqiresenting  the  probable  constitution 
of  the  molecuh',  art'  much  more  complex  than  the  emjhrical  formula' 
respectively  of  starch  and  dextrin.  Tht'  following  enniirical  etpiation 
reprt'sents  in  the  simplest  possible  maniu'r  the  above  reaction  ;  it  must 
not,  howt'vcr,  be  viewed  as  i-eprt'senting  the  true  miture  of  tlu'  mole¬ 
cular  changft  iinatlved  : — 

(C«II„(U,  +  ^ILO  =  CVIuA>5  + 

Solulile  Stai'fh.  Watei'.  Dextrin.  .MaUo.se. 

246.  Hydrolysis  of  Cane  Sugar.-  This  oiiertition  is  slowly 

effeett'd  by  tlu'  action  of  malt  extract,  or  t'ven  by  ]irolonged  boiling 
with  watt'i',  which  ellt'cts  the  saint'  change  mtirtt  tir  It'ss  complett'lv.  At 
ortlinary  tt'mpt'raturt's,  tlilute  suliihuric  and  hydrtichlttric  acids  art' 
callable  of  sltiwly  inverting  cant'  sugar  ;  at  tt'inperatures  of  frtim  ().')“  to 
70°  C.  tht'  hytlrtilysis  ticcurs  with  t'xtrt'ine  ra])itlity.  Ktir  labtiratory 
pu I’liost's,  ctimph'tt'  invt'rsitm  is  t'ff'ctt'tl  by  atltling  to  the  intKh'ratt'ly 
strong  sugar  stilutitm  oiu'-tt'iith  its  volunit'  tif  strong  hytlrt>chloric  acitl, 
anti  then  ht'ating  tht'  mixturt'  in  a  watt'r-bath  until  tht'  tt'inpt'r.aturt' 
I  eacht's  about  t)S°  ( '.  'I'he  chaiigt' ctmsists  of  tht'  caim  sugar  molt'cult' 
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splitting 

up  into  two 

molecules 

of  glucost*,  tlu* 

011(1  being  dextro-,  am 

the  other 

■  hvvo-rotaiy- 

+  H.,0 

=  C«H,X)„ 

+  CgllijO,;. 

Cline  Sugar. 

Water. 

Uextro-gliieuse. 

Lievo-gluco.se. 

Invertase  also  effects  this  change,  and  apparently  is  likely  to  he 
employed  commercially  for  the  purpose.  O’fSullivau  recommends  its 
employment  in  the  laboratory  for  the  h3-drolysis  of  cane  sugar  as  a  .step 
towards  its  analytic  estimation. 

247.  Hydrolysis  of  Dextrin.  I>y  the  action  of  acids,  and  also 
of  malt  extract,  this  body  may  be  entirely  convertinl  into  maltose  :  the 
nature  of  the  chemical  change  has  been  described  when  treating  of  the 
h3’drolysis  of  starch.  XTnder  ordinaiy  conditions,  muther  inv'crtase  nor 
yeast  itself  is  capable  of  ejecting  the  hydroh'sis  of  dextrin. 

248.  Hydrolysis  of  Maltodextrin. — This  change  is  readil3"  effect¬ 
ed  1)3’  the  action  of  malt  extract,  but  not  by  either  invertase  or  yeast. 

249.  Hydrolysis  of  Maltose. — IM  altose  is  a  more  stable  sugar 
than  is  cane  sugar :  dilute  acids  effect  its  conversion  with  slowness  ; 
thus  a  maltose  solution  ma3'  be  boiled  for  some  minutes  with  dilute 
sulphuric  acid  without  undergoing  change.  Complete  inversion  result, s 
from  keeping  the  solution  at  a  temperature  of  100“  C.  for  some  six  or 
eight  hours.  The  jirincipal  product  of  inversion  is  probably  either 
dextrose,  or  one  or  more  closely  allied  dextro-glucoses.  As  has  been 
pre\'iousl3’  stated,  malt  extract  has  no  h3’drolysing  action  on  maltose. 
Invertase  also  is  witliout  action  on  maltose. 

250.  Composition  of  Malt. — Prior  to  dealing  with  the  sacchari¬ 
fication  of  malt,  some  information  should  b('  given  of  its  composition. 
Treatment  of  the  genei'al  (piestions  of  the  transformation  of  l)arley  into 
malt  mu.st  be  postponed  until  the  subject  of  the  jihysiology  of  grain  life 
is  being  discussed.  Plaits  differ  from  baidey  in  that  the  proteid  con¬ 
stituents  show  proofs  of  considerable  degradation.  Mil  ger  and  Van  der 
Peeke  have  examined  barle3’,  bai-le3’  softened  1)3’  steeping  in  water,  fresh 
or  green  malt  (unkilned),  and  kiln-dried  malt.  The  following  table 
gives  the  percentage  of  nitrogen,  and  of  the  various  nitrogenous  con¬ 
stituents  : — 


NITKOGEXOCS  CONSTITUENTS  OF  JiARLEV  AND  MALT. 


Bailey. 

Softeiieil 

Barley. 

Fresh  .Malt. 

Urieil  .Malt. 

Total  Nitrogen, 

1-801 

l-7.-)0 

1-751 

1-512 

Nitrogim  of  insoluble  con-  j 
stitmmts,  ...  ,,.J 

Nitrogen  as  albumin  (soluble) 

1-G7S9 

1  -GSbO 

l-;57-2 

1-1G5 

O-OGOO 

0  o.'iri-f 

0-1571 

0-1  11)1 

,,  as  jiejitone. 

OOOIG 

0-0001) 

O-OOocS 

0-02;’);? 

,,  as  ammonium  salts, 

0-0 1  Gl) 

.  .  . 

0-021)0 

0-O057 

,,  as  amidoacids,  ... 

0-0117 

0-021)  t 

0-1  117 

0-2257 

„  as  amides, 

U-0505 

0  0021) 
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It  will  l)e  se(‘ii  tliat  tlie  insoluble  jiroteids  have;  (liininisliccl  in  <|uautity, 
while  the  alhuniin  has  increased  ;  so  also  have  the  iiroducts  of  further 
<le,nra(lation,  peptone,  amido-acids,  and  amides. 

The  starch  in  barley  also  sutlers  considerable  diminution  ;  Brown  anfl 
^lorris  fcuind  the  (juantities  of  starch  in  barley  before  and  after  ,iL(er- 
mination  to  amount  to 


STAUCH  IN  1000  CORNS. 


starch  in  Harley 
before  Ueriuiiiatioii. 

starch  ill  Barley 
after  Six  Days' 
Geriiiiiiatioii. 

Loss  of  starch. 

Expt.  1., 

•) 

M  — *5  •  •  • 

20  0552  grams. 
19  0158  "  „ 

15‘4.‘198  grams. 
15:3G.3G  „ 

4-G154  grams. 
4-.5522'  „ 

TakiiiLi  the  mean  of  the  two  e.xjieriments,  22'5  jier  cent,  of  the  starch 
has  disappeared.  A  portion  of  this  has  been  ilissijiated  as  carbon 
dioxide  gas,  a  portion  will  have  constituted  the  material  from  which 
the  new  parts  of  the  plant  have  been  formed,  while  a-  third  portion 
will  have  been  changed  into  sugars,  which  remain  in  the  malt  at  the 
<md  of  its  manufacture.  The  increase  of  sugars  is  well  shown  in  the 
following  table,  which  gives  in  i)ercentages  the  results  of  anah'ses  of 
barley  before  and  after  germination,  by  O'Sullivan. 


seCARS  IN  RARI.KV  RKFORM  AND  AFTER  OERM INATION. 


No.  1  1 

AKLKV. 

No.  2  B.vulkv. 

SrtiAiis. 

licfcrc 

-tfter 

Before 

After 

Oeriiiination. 

(!erniiiiation. 

Genniiiation 

(ierniiiiation. 

Sucrose  (Cane-Sugar), 

0-9 

4-5 

1  -.'lO 

4  5 

Maltosig 

1 

1  1-2 

1 

1  1-98 

|)extros(‘. 

'  M 

■  ;m 

'  0-G2 

■  1-57 
(  0-71 

ha“vulose 

t 

(  0-2 

1 

It  will  b(‘  semi  that  cane-sugar  forms  a  vmy  notable  constituent  of 
malt,  and  also  that  the  other  sugars  are  pri'sent  in  large  (luantity. 

The  ])ercmitage  of  acid  considerably  iiu  reuses  in  grain  during  malt¬ 
ing  ;  assuming  acidity  to  bt‘  due  to  lactic  acid,  Bclohoubek  gives  the 
following  :  — 

Bariev,  ...  ...  (l-d.IS  per  cent,  as  lactic  acid. 

Orem?  .Malt,  ...  U'.o'IU 

Kilned  .Malt,  ...  U.!)42  ,,  ,, 

In  ihiglish  malts,  however,  the  jiercentage  of  acid  is  considm'ably 
less  than  this,  being  usually  about  U-2  per  cent;  so  much  as  O'l  per 
cent,  is  viewed  as  an  indication  of  unsoundness. 

Tlie  following  taiile  gives  the  approximate  composition  of  malt,  based 
principally  on  analyses  by  O  teullivan  : — 
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A  P  P 1  ;0  X 1  -M  AT  n  C  0  M  POS  IT  I  o  s 

OF  :\IAI.T. 

Per  Cent. 

Per  Cent 

Starch, 

44  OU 

to 

50-00 

SugaiT, 

,,  These  include.  Sucrose,  from 

y-uo 

^  • 

lG-00 

4-50 

,,  (Maltose,  ,, 

1-20  ( 

lG-00 

„  Dextrose,  „ 

DG5  ( 

3J 

,,  La’vulose,  ,, 

0-20  ) 

rnfermentable  Carbohydrates,  not 

Dextrin, 

5-00 

7-00 

Cellular  (Nlatter  (Cellulose), 

10-00 

12-00 

Froteids,  soluble  in  cold  water. 

3  0 

4.50 

,,  insoluble  ., 

8-00 

>■« 

10-00 

Fat,  ... 

1-50 

2-00 

Ash,  ... 

1-90 

35 

2 -GO 

Water, 

2-50 

33 

7-00 

Acid  reckoned  as  Lactic  Acid, 

0-20 

:  3 

0-40 

251.  Saccharification  of  Malt  during  the  Mashing  Pro¬ 
cess. — This  process  is  of  interest  lioth  from  the  technical  point  of  view, 
as  being  largely  used  by  the  baker,  and  also  scientilically,  as  rejircsenting 
an  important  example  of  hydrolysis  by  malt  extract.  Malt  contains 
the  active  hydrolysing  principle,  diastase,  and  also  from  -Id  to  50  per 
cent,  of  starch.  In  the  operation  of  malting,  the  walls  of  the  starch 
granules  get  more  or  le.ss  ru[)tured  and  fissured  ;  hence  the  inteilor 
granuldse  is  at  the  outset  .somewhat  exposed  to  tlie  action  of  the  diastase. 
As  a  first  step  toward  the  preparation  of  beer,  tin',  brewer  treats  his 
ground  malt  with  water  at  a  tempm'ature  of  from  ()5'5°  C.  (150°  F  )  to 
71T°  C.  (1G0°  F.).  This  results  in  the  conversion  of  the  starch  pre.sent 
into  dextrin  and  maltose.  This  operation  he  terms  mashing.”  The 
first  change  is  that  the  starch  becomes  gelatinised,  and  is  then  fi'eely 
suscej)tihle  to  the  action  of  diastase.  At  tempeiatures  below  the 
gelatinising  point  of  stai'ch,  diastasis  also  proceeds,  but  somewhat  more 
slowly  (comp.  Lintner's  tal)le,  j)ar.  At  a  tem[)erature  of  about 

GO’  C.  (140°  F.)  almo.st  all  the  starch,  and  also  the  amyloins,  will  havt* 
disappeared  in  about  twenty  minutes;  this  point  maybe  asceidaimsl 
by  taking  out  a  drop  of  the  liquid  and  testing  it  with  iodine.  An 
increase  of  temperature  weakens  the  action  of  the  diastase;  hence  a 
mashing  made  at  GO’  C.  (140°  F.)  yields  in  two  hours,  for  the  same  malt, 
alxjut  7  jier  cent,  more  dextrin  and  maltose  than  when  mashed  at  7G'G° 
C.  (170’  F.).  Further,  as  nnght  lie  exi)ected  from  the  results  ahx'jidy 
mentioned,  the  propoidion  of  de.xtrin  is  much  greater  in  the  mashing 
made  at  7G'G°  C.  than  at  GO’  C.  The  dui'ation  of  the  mashing  operation 
has  also  an  iidluence  f)n  the  amount  of  dextrin  and  maltose  produced. 
\\  ith  a  temperature  of  G:l'7°  (J.  (145°  F.)  most  of  the  starch  is  convei'ted 
into  dextrin  and  maltose  within  thirty  minutes,  l)ut  for  soim;  time  after, 
the  yield  of  these  continues  to  slightly  increase,  d'ho  ))ropoi'tion  of 
maltose  to  dextrin  also  becomes  higher  with  a  longer  mashing.  The 
following  is  the  result  of  an  experiment  by  (4raham  : — 
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Lenjith  of 
Mashing. 

hour. 

i  „ 

'2  hours. 


Percentage  of 
•M  a  I  to.se. 

4s-r)0 
r)2-35 
5.’] -50 
54 -(30 
(31-47 


Percentage  of 
De.\ti'in. 

14-(il 
12-2(3 
1 1  -;39 
1 1  -05 
5 -5:5 


Total  percentage 
of 

Maltose iV  Dextrin. 

(3:5-21 

(54-61 

64-95 

64- 65 

65- 00 


latio  of  Maltose 
to  Dextrin. 

:5-:5 :  1 
4-2  :  1 
4-7  :  1 
4-9  :  1 
17-4  :  1 


It  will  ])(“  seen  tliat  hy  fiir  the  <,q-eatest  proportion  of  the  transfor¬ 
mation  is  etlected  xvithin  tlie  half  lioui-,  while  for  iill  practical  purposes 
the  hydrolysis  is  coiu2ileted  within  two  hours  at  tlie  furthest. 


252.  Mashing  Malt  together  with  Unmalted  Grain.— The 

diastiise  of  good  malt  is  not  merely  capable  of  saccharifying  its  own 
starch,  but  is  competent  also  to  hydrolyse  in  addition  considerable 
(juantities  of  stiiich  from  other  sources  ;  hence,  in  brewing  operations, 
nudt  is  frequently  mixed  with  Hour  from  other  cereals,  either  rice  or 
maize  being  commonly  chosen.  Tlie  diastase  of  the  malt  sacchariHes 
tlie  whole  of  the  starch  jiresent ;  but  with  the  jirojiortion  of  malt  unduly 
low,  the  ratio  of  maltose  to  dextrin  jiroduced  is  conniaratively  small. 


EXPEltl.MENTAL  AVOHK. 

253.  Hydrolysis  of  Starch. — IMix  10  grams  of  starch  with  200 
c.c.  of  xvater,  and  gelatinise  by  pl  icing  in  the  hot  water  bath.  Take 
50  c.c.  of  this  solution  and  add  to  them  lO  c.c.  of  Hve  per  cent,  sulphuric 
acid.  Maintain  at  a  temjierature  of  100'’  C.  until  a  few  drojis,  taken 
out  with  a  glass  rod  or  tube,  and  jilaced  on  a  porcelain  tile,  give  no  blue 
colouration  on  addition  of  iodine.  To  the  .solution  add  jn-ecipitated 
calcium  carbonate,  or  powdered  marble,  until  it  ceases  to  produce 
eflervescence.  Allow  the  jirecipitate  to  subside,  and  Hlter  :  taste  the 
clear  solution,  notice  its  sweetness.  Test  a  j)ortiou  of  this  tiltered 
solution  with  Fehling’s  solution,  a  red  ju-ecijiitate  is  produced,  showing 
that  eithei-  malUisi*  or  gluco.se  is  pr(*sent. 

To  a  test  tube,  containing  another  itortion  of  the  original  starch  solu¬ 
tion,  add  some  saliva,  and  stand  it  in  a  water-bath  at  a  temjierature  of 
about  4(J°  C.  for  .some  time:  notice  that  tlu*  solution  becomes  more  limpid, 
and  ultimately  that  it  gives  no  starch  reaction,  on  a  few  drops  being 
taken  out  and  treated  with  iodine.  Te.st  now  for  maltose,  by  means  of 
Fehling’s  solution  ;  a  red  j'fecipitate  is  j)roduced.  As  a  complement  to 
this  exi)eriment,  boil  some  corn-Hour  and  water,  allow  the  j)aste  to  cool, 
place  a  spoonful  in  the  mouth,  ndaining  it  there  foi-  sonui  fifty  or  sixty 
seconds,  and  mixing  it  -with  saliva  liy  means  of  the  tongue  :  notice  that 
the  past(‘  bi'comcs  limpid,  and  acquiri's  a  sweet  taste. 

Take  some  fresh  comju-esscd  yea.st,  mix  a  little  with  some  of  the  starch 
solution  and  jilace  in  the  water-bath  at  40“  C.  Notici*  that  after  several 
hours  the  starch  i-mnains  unaltered,  gi\ing  a  blui'  colouration  with 
iodine,  and  little  or  no  ri'action  with  Fi'hling’s  solution.  Preiiare  .some 
“  yeast-watei- ”  by  shaking  up  about  50  grams  of  the  comiu-es.sed  yi'ast 
with  150  c.c.  of  cold  water;  let  this  stand  for  fi-om  four  to  six  hours, 
shaking  occasionally,  thim  allow  to  sudside  and  Hlter  the  suiiernatant 
liiluid.  Ti-eat  some  starch  solution  with  this  yeast  water  in  the  same 
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wav  as  witli  the  yeast  itself:  notice  tliat  tliis  also  causes  no  alteration 
in  the  starch. 

Make  an  aqueous  extract  of  malt,  as  (h'scribeil  in  parat^rajih  '2'27. 
Take  some  .sound  wheat  starch,  examine  it  under  tin*  microscoiie,  to  see 
tliat  none  of  the  <,o-anuIes  are  tissurcd  or  cracked.  Add  some  of  the 
malt  extract  to  a  portion  of  this  starch,  and  allow  it  to  remain  for  som(> 
hours  at  a  temperature  of  20”  C.  IMaintain  another  similarly  prepai’ed 
samph'  at  a  temperature  of  40°  C.  for  from  six  to  twelve  hours.  At 
intervals  from  the  time  of  starting  the  experiment,  and  at  the  end  of 
the  time,  examine  the  starch  in  each  case  carid’nlly  under  the  micioscope, 
in  order  to  see  whether  any  of  the  granules  show  signs  of  cracking  or 
pitting.  Make  a  comparative  .series  of  experiments  on  potato  starch. 
In  evtuy  experiment,  at  the  end  test  the  starch  granules  witli  iodine, 
in  order  to  see  whether  they  still  give  the  starch  reaction. 

Shake  up  some  starch  with  water,  and  filter:  notice,  that  tlie  clear 
filtrate  gives  no  reaction  with  iodine.  Hul)  a  little  of  the  starcli  in  a 
mortar  witli  powdered  glass;  this  cuts  the  cellulose  envelopes.  Shake 
up  with  water,  and  filter;  to  the  clear  iiltrate  add  iodine  solution:  a  blue 
colouration  shows  the  jiresence  of  solulde  starch.  To  some  of  the  bruised 
starch  add  malt  extract,  and  allow  to  stand  for  twenty  bmr  hours  at  20° 
or  25°  C.,  examine  under  the  microscope,  and  notice  that  much  of  the 
interior  of  the.  cells  is  dissolved  away.  Treat  a  little  with  iodine,  and 
examine  under  the  microscope  in  order  to  determine  how  much  unaltered 
starch  remains.  Make  some  starch  jiaste,  as  described  in  paragraph 
231  ;  treat  it  with  malt  extract  as  there  mentioned,  and  at  intervals  of 
a  minute  take  out  a  drop  of  the  solution  by  means  of  a  glass  rod,  and 
test  with  iodine  on  a  poicelain  tile.  Note  tlie  time  when  the  starch 
and  the  amyloins  disappear.  IMake  a  series  of  similar  experiments 
with  varying  temperatures,  rising  by  10°  C.  at  a  time,  from  15°  C. 
to  the  point  at  which  diastasis  ceases.  The  quantities  of  solution  should 
be  measured  ;  and  in  each  case,  both  the  starch  and  tlie  malt  extract 
solutions  sliould  be  allowed  to  stand  in  the  water-bath,  regulated  to  tin* 
desired  tenqierature,  until  both  have  acquired  that  temperature,  //u’n 
mix  the  two  and  note  the  time.  If  desired,  the  liath  may  lie  r('gulated 
for  this  (*x)jeriment  by  means  of  the  regulator  described  and  ligured  in 
Chapter  XI.;  in  that  case  it  is  not  absolutely  ni'eessary  to  gid  tin' 
tempei-ature  nearer  than  a  degri'e,  lait  the  exact  temperature,  as  read 
by  a  thermometer,  should  be  noted. 

Make  a  cold  aiiueous  infusion  of  liran  or  jaillard  in  the  same  way  as 
described  for  malt,  and  treat  stai’ch  solution  with  it,  as  was  done  with 
the  malt  extinct,  lioth  in  thi'  cold  and  at  higlier  temperatures.  If 
sejiarated  wheat  germ  is  obtainable,  make  a  similar  series  of  exiieriments 
with  tliat  substance. 

?54.  Hydrolysis  of  Cane  Sugar.  Mix  cam'  sugar  solution 
with  strong  hydrocliloric  acid,  and  heat  to  ns“  or  70"  tf,  as  described  in 
paragraph  24(1.  After  hydrolysis,  test  for  reducing  sugars  by  F(4iling’s 
solution.  'I'o  another  portion  of  the  cane  sugar  solution  add  some 
yeast-water,  and  maintain  for  three  or  four  hours  at  10°  C.,  after  wliicb 
test  for  maltose  or  glucose  by  means  of  f’cliliiig’s  solution. 

n 
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255.  Mashing  of  Malt.  Tiiko  100  giiiiiis  of  ground  nuilt,  and 
nuN  witli  .100  c.c.  of  water  at  G0°  C.  in  a  largo  Oeaker  :  woigli  the 
l)eakor  and  its  contents,  and  place  it  in  a  water-batii  at  60°  C.  Stir 
occasionally,  and  fioiii  time  to  time  take  out  small  quantities  of  the  well- 
stirred  liejuid,  and  test  for  starch  hy  iodine  solution.  Note  how  long  it 
is  before  the  stai-ch  disapj)ears  ;  as  soon  as  iodine  produces  no  blue 
reaction,  wipe  the  outside  of  the  beaker,  place  it  in  the  balance,  and  add 
<listilled  M’atei’  until  that  lost  by  evaj)oration  has  been  replaced  :  when 
this  point  is  reached  the  beaker  weighs  just  tlumsame  as  before  being 
placed  in  the  bath.  Then  filter  the  clear  solution,  cool  rapidly  to  15°  C., 
and  take  the  density  by  means  of  a  hydronu'ter.  The  method  of  using 
the  hydrometer,  and  the  conclu.sions  to  be  drawn  from  the  density  of' 
the  wort,  are  described  in  the  paragraph  on  “  Specific  Gravity  of  Worts  ” 
in  Chapter  X 1 1.  Make  similar  ma.shings at  the  temperatures  respectively 
of  50°  and  70°  C,  :  note  in  each  case  the  time  requisite  for  saccharifi¬ 
cation,  and  the  density  of  the  wort.  For  the  different  experiments  both 
the  mashing  li(]Uor  and  the  bath  must  be  regulated  to  the  temperature 
tlesired. 

256.  Substances  mimical  to  Diastasis. —Prepare  some 
starch  solution  and  malt  extract  as  in  paragraph  253.  To  a  portion  of 
the  malt  extract  add  a  small  (piantity  of  caustic  potash,  and  note  the 
time  it  takes  to  saccharify  the  starch,  both  starch  and  malt  being  used 
in  the  same  prcqiortions  as  liefore.  iMake  similar  tests  with  solutions  of 
sulphuric,  tartaric,  and  .salicylic  acids  ;  lime,  copp(*r,  sulphate,  alum, 
Ijorax,  alcohol,  and  essence  of  tui-peutine. 


CHAPTER  IX. 


FERMENTATION. 


25V.  Origin  of  Torm. — Wlien  a  little  of  the  substance  called 
yeast  is  added  to  some  wort  {i.e.,  the  sweet  liquid  procluccfl  by  the  in¬ 
fusion  of  malt  with  warm  water),  at  a  temperature  of  about  1(S°  C.,  it 
induces  a  most  remai-kable  change.  The  (juiescent  liquid  after  a  time 
becomes  tilled  with  bubbles  ;  these  rise  to  the  surface,  and  form  a  scum 
there  ;  as  the  action  jiroceeds  these  bulililes  are  produced  with  increased 
rapidity.  Their  continuous  ascension  gives  the  liquid  a  seething  or 
boiling  appeai-ance,  and  fi’om  this  has  arisen  the  application  of  tlie  term 
fermentation  ”  to  this  peculiar  phenomenon  ;  that  word  being  derived 
from  the  Latin,  I  lioil.  Fermentation  results  in  a  disappear¬ 

ance  of  the  maltose  present  in  the  wort,  together  with  the  production 
of  alcohol  and  carbon  dioxide  gas.  The  former  remains  in  tlie  liquid  ; 
the  latter  rises  to  the  sui'face  and  causes  the  before-mentioned  boiling 
appearance.  The  carbon  dioxide  bubbles  carry  with  them  to  the  sur¬ 
face  a  peculiar  sticky  “  scum  ;  ”  this  substanci'  has  received  tlie  name 
of  “Yeast,”  and  on  lieing  added  to  a  fresh  quantity  of  wort,  is  capable 
of  setting  u])  fermentation  therein.  Luring  tlie  fermentation  of  wort, 
the  quantity  of  this  “  scum  ”  produced  is  many  times  in  e.xce.ss  of  that 
in  the  first  place  added  to  the  wort. 

258.  History  of  the  Views  held  of  the  Nature  of  Fer- 

mentatiori. — The  earlier  re.searches  and  published  articles  on  fermen¬ 
tation  regard  that  change  as  one  of  spontaneous  decay.  Y(‘ast,  with 
which  fermentation  is  associated,  was  viewed  as  a  peculiar  condition 
which  nitrogenous  matter  assumed  during  one  of  the  phases  of  its  de¬ 
composition.  That  in  this  state  it  was  able  to  set  iq)  fermentation  in  a 
liquid,  which  was  not  at  the  time  fermenting,  was  noticed  as  a  remark¬ 
able  property  of  yeast,  which  nevertheless  was  still  cousidei-ed  as  only 
nitrogenous  matter  in  a  particular  stage  of  chemical  cliange.  One  of 
these  earlier  views  ascrilied  alcoholic  fermentation  to  a  vegeto-anima] 
substance  wliich  resided  in  grajics  as  well  as  in  corn.  When  the  grapes 
v.'ere  cruslied,  and  the  flour  moisteiH'd,  this  fermentative  agent  com¬ 
menced  to  jiroduce  active  change.  The  body  thus  capable  of  inducing 
fermentation  was  termed  a  “ferment,”  The  next  stiqi  in  investigation 
of  this  matter  was  tliat  of  Theiiard,  who  observed  that  the  ferment  con¬ 
tained  nitrogen,  and  tliat  in  distillation  ammonia  was  yielded  ;  he  there¬ 
fore  ascribed  an  animal  nature  to  the  ferment.  (It  should  be*  explained 
that  the  older  chemists  were  in  the  habit  of  looking  on  nitrogenous 
organic  matter  as  animal,  and  the  non-nitrogenous  as  x  c'gi^table  ;  no 
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reference  is  intended  to  the  peculiar  oi-gatnc  structure  of  the  ferment.) 
Opinion  liad  settled  down  to  the  view  that  yeast  was  an  immediate 
princijile  of  plants,  when  tlie  microscope,  which  had  hecome  such  an 
important  factor  in  scientific  ivsearch,  was  brought  to  hear  on  the  con¬ 
struction  of  y(*ast.  Leuwenhoeck  had,  as  early  as  1G80,  discovered  that 
yeast  consisted  of  minute  granules  ;  hut  it  was  onl}'  in  18.'5G  that 
de  Latour  again  called  attention  to  its  microscopic  structure.  It  was 
oh.served  hy  him  that  yeast  was  a  mass  of  little  cells,  and,  further,  that 
these  were  capable  of  rei>roduction  hy  a  process  of  budding.  “Yeast, 
therefoie,”  said  the  disctiverer,  “must  he  an  organism  whicli  ])rohahly, 
by  some  effect  of  its  growth,  effects  the  decomposition  of  .sugar  into 
alcohol  and  carbon  dioxidf;.”  Tins  newly  discovered  form  of  life  was,, 
after  some  discussion,  jilaced  among  the  fungi,  a  new  genus  being 
created  for  it  by  IMeyen,  to  which  was  given  the  name  of  Saccharomyces. 

This  view  attracted  considerable  attention  from  scientists,  and 
although  the  basis  of  that  now  almost  universally  accepted,  encountered 
most  uncompromising  oiiposition.  Prominent  among  its  antagonist>i 
was  Liebig,  who  in  1839  argued  yeast  to  be  a  lifeless  albuminous  sub¬ 
stance,  and  held  that  the  cause  t)f  fermentation  is  the  internal  molecular 
motion  which  a  liody,  in  the  course  of  decomposition,  communicates  to 
other  matter  in  which  the  elements  are  connected  by  a  veiy  feeble 
affinity.  »Said  Liebig,  “yeast,  and  in  general  all  animal  and  vegetable 
matter  in  a  state  of  putivfaction,  Avill  communicate  to  other  bodies  the 
condition  of  decompt)sition  in  which  the}'  are  them.s(dves  jilaced  ;  the 
motion  which  is  given  to  their  own  elements  by  tlie  disturbance  of 
equilibrium  is  also  communicated  to  the  elements  of  tlu^  bodies  which 
come  in  contact  with  them.  "  Amplifying  this  theory,  Liebig  a.sserted 
that  the  proteid  bodies  decomposed  spontaneously,  and  the  molecular 
disturbance  resulting  from  this  decomposition  (dlected  also  the  decom¬ 
position  of  such  bodies  as  sugar,  when  placed  in  contact  with  tlu“ 
decomposing  pi'oteids. 

For  some  yeai-s,  de  lAitour’s,  or  the  vital  hyjiotlu'sis,  Lit'big’s,  or  the 
mechanical  hypothesis,  and  other  views  based  on  catalytic  action,  were 
thr(‘e  contcmding  th('ori(^s  of  fermentation. 

The  next  great  step  was  that  tlie  whole  problem  of  fernumtation 
received  a  most  careful  and  exiiaustivc'  ('xamination  at  the  hands  of 
Pasteur,  who  in  18.97  gavi'  as  his  “most  decided  opinion’'  that  “the 
chemical  action  of  fermentation  is  essentially  a  correlative 
phenomenon  of  a  vital  act,  beg-inning  and  ending-  with  it.  I 
think  that  there  is  never  any  alcoholic  fermentation  without 
there  being  at  the  same  time  organization,  development,  mul¬ 
tiplication  of  globules,  or  the  continued  consecutive  life  of 
globules  already  formed.” 

In  1870,  Liebig  published  a  long  mcmoii-  on  fernumtation,  in  which 
h('  admittc.’d  that  yeast  Avas  ii  living  oi-ganism,  but  still  maintaincil  that 
fermentation  Avas  a  mechanical  act,  pointing  out  that  the  (piantity  of 
sugar  decomposed  by  yeast  Avas  out  of  all  judpoi-tion  to  the  amount  of 
carboIiA'drate  (cellulose)  Avhich  tlu'  yeast  had  assimilated,  'fo  (piote  his 
own  Avords- — “Yeast,  consists  of  A'cgetabh'  cidls  A\hich  (h'wlop  and 
multiply  in  a  solution  containing  sugar,  and  an  albuminate,  or  a  sulistancc 
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resultiilij;  from  an  iillmininat('  ....  It  i.s  iH)ssil)le  tliat  tim  pliy.sioloj;ical 
]irnopss  stands  in  no  otlmr  relation  to  the  process  of  forinentation  than 
that  hv  means  of  it  a  suhstance  is  formed  in  the  livinif  cell,  which,  by 
an  action  peculiar  to  itself  --r(\seml)lin<(  that  of  enudsin  on  salicin  or 
amviidalin  (enzyme) — deternnhies  the  decomposition  of  suyar  and  other 
organic  molecules.”  The  admission  of  the  physiological  action  of  yeast 
being  even  indirectly  associated  with  the  decomposition  of  sugai's  during 
fermentation  was  an  enormous  concession  by  Liebig.  A  study  of  the 
action  of  enzymes  shows  that  Liebig's  position  is  jiai'tly  justitied  :  inver- 
ta.se  can  be  separated  fi’om  yeast,  and  afterwards  is  fully  caj)able 
of  performing  its  functions  of  inverting  cane  sugar,  but  such  study 
<loes  not  le.ad  us  to  observe  a  sufficiently  close  relationship  between 
enzymic  actiim  and  alcoholic  feianentation  as  to  prove  their  identity. 
Still  in  many  resjiects  there  is  great  similaritj".  At  i)resent  tliei'e  is 
the  marked  distinction  that  alcoholic  fei’inentation  is  inseparable  from 
life,  while  enzymosis  occurs  in  the  absolute  absence  of  living  organisms. 
As  a  result  of  prolonged  research  and  investigation,  the 
vitalistic  theory  of  fermentation  is  now  practically  universally 
accepted. 

A  careful  stud}'  of  the  preceding  sentence  shows,  however,  that  the 
statement  of  fermentatioii  being  a  vitalistic  act  is  not  an  explanation  of 
fermentation.  Granted  that  fermentation  is  a  concomitant  of  vitality 
(i.e.,  is  due  in  some  way  to  life),  there  must  be  some  agent  through 
which  life  acts  in  producing  the  chemical  change  of  sugar  into  alcohol 
and  carbon  dioxide.  In  itself,  this  change  is  no  moi-e  striking  than  the 
change  of  starch,  by  diastase,  into  dextrin  anfl  maltose  ;  yet  we  know 
that  diastase,  although  a  direct  product  of  life,  is  a  soluble  and  absolutely 
unorganised  body.  Is  there  any  such  unorganised  body  through  which 
yeast  acts  when  effecting  the  decomposition  of  sugar!  The  answer  is-- 
no  such  substance  has  as  yet  been  detected,  to  say  nothing  of  its 
isolation. 

Hop])e-Heyler  and  Halliburton  incline  to  the  hypothesis  that  the 
difference  between  organised  ferment  action  and  that  of  enzymes  is 
this  :  an  organised  ferment  is  one  which  does  not  leave  the  living  cell 
during  the  progress  of  the  fermentation  ;  an  unorganised  ferment,  or 
enzyme,  is  one  which  is  shed  out  from  the  cells,  and  them  exerts  its 
activity.  Probably  the  chemical  nature  of  the  ferment  is  in  the  two 
cases  the  .same,  or  nearly  the  same. 

80  far  as  we  an*  acquaint'd  with  the  nature  of  enzymes,  they  are 
either  identical  with,  (ji'  closely  allied  to,  tla^  proteids.  If  fc'rmcntation 
be  due  to  an  enzymedike  body  within  the  living  cell,  that  body  is  of 
the  nature  of  living  proU'ids — like  otlu'i'  pi'otc'ids  they  arc'  inditl'usible, 
and  ccjiisequently  nve  not  disccjvei'ablc!  outsider  thc'  cell  wall.  “  Like  all 
living  things,  their  properties  during  lifee  arc'  difl’c'rent  fi-cmi  those;  after 
death  ;  this  readily  accounts  for  the  fact  thut,  with  a  few  excC'ptions, 
they  are  not  discoverable;  inside  the;  cell  wall  after  the'  cc'll  has  been 
killed  by  alccdiol.  Thc*  few  excejetions  arc;  jirobably  those*  which  are 
more  robust,  cLiid  withstand  the  action  of  alcohol  bettc'r.”  In  this  way 
dcjes  Halliburton  enclc;avour  to  c'X])lain  the*  ditlc'rc'ncc*  bc'twc'c'n  organised 
ferments  and  cuizymes.  Thc;  explanation,  unfoi'tunatc'ly,  doc's  not  covc'r 
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the  whole  pi’ol)leni.  P'veii  the  more  rohust  “  ferments  ”  ciinnot  h(‘  said 
to  have  life  in  the  ordinary  sense  of  the  term  when  extracted  by  dilute 
alcohol,  and  obtained  in  a  state  of  perfect  solution.  Independently  of 
any  orijainsm,  the  (mzynu's  ai'e  abh*  to  prosecute  their  functions  ;  but. 
alcoholic  fmnientation  cannot  be  induced  by  any  substance  contained 
by  the  yeast  cell,  indess  that  cell  be  liviny.  If  tiie  protojila.sm  of  veast 
be  liberated  by  crushing-  the  cells,  such  extracted  protoplasm  does  not 
cau.se  fermentation.  There  is  little  doubt  that  fermentation  do(>s  take 
place  within  the  cell,  and  is  in  .some  way  caused  by  some  property  of 
living  proteid,  but  it  is  au  essential  that  the  proteid  be  alive,  and  a  part 
op  a  livinp  organism.  This  much  may  lie  conceded,  that  proliably  the 
living  proteid  acts  in  a  more  or  less  similar  manner  to  an  enz.vme.  In 
view  of  this  it  is  interesting  to  note  the  agreement  rather  than  the 
differences  between  th(^  views  promulgated  by  the  illustrious  savants 
Liebig  and  Pasteur  ;  but,  after  all,  there  is  the  broad  line  of  demarca 
tion — enzymosis  is  independent  of  living  organisms,  while  “  fermentation 
is  es.sentially  a  correlative  phenomenon  of  a  vital  act,  beginning  and 
ending  with  it.”  The  discussion  of  the  nature  of  the  vital  act  pro¬ 
ducing  fermentation  does  not  di.spose  of  the  fact  of  its  being  vital. 

259.  Definition  of  Fermentation.  The  particular  action 
produced  by  yeast  on  wort,  and  also  on  the  sweet  ‘‘must,”  or  exjiressed 
juice  of  the  grape,  was  found  on  inve.stigation  to  be  but  one  of  many 
chemical  actions  which  are  associated  with  the  life,  growth,  and 
development  of  microscopic  organisms.  Among  these  may  be  cited  the 
souring  of  milk,  also  of  wine  into  vinegar,  and  likewise  the  changes 
occurring  during  putrefaction.  Conse(|uently  the  term  fermentation  is 
no  longer  used  in  its  original  .sen.se,  as  signifying  a  condition  resulting 
in  a  peculiar  seething  or  boiling  appiairance,  but  is  applied  to  that 
grou})  of  chemical  changes  which  are,  in  Pasteur’s  words,  “correlative 
phenomena  of  vital  acts  b('ginning  and  ending  with  them.”  Used  in  its 
extended  sense,  fermentation  may  be  defined  as  a  generic  term 
applied  to  that  group  of  chemical  changes  which  are  con¬ 
sequent  on,  and  inseparable  from,  the  life  and  development  of 
certain  minute  microscopic  organisms. 

In  the  chapter  on  tin*  proteids,  it  was  stated  that  jiutri'faction  is 
I'Cgarded  as  a  species  of  fermentation  :  ('((uaily,  with  the  conversitm  of 
maltose,  into  alcohol  by  yeast,  it  is  a  changi*  inseparable  from  living 
organisms.  This  of  it.self  is  a  conclusive  answer  to  Liebig’s  earlii'r 
position,  that  fermentation  is  a  secondary  i-esult  of  the  spontaneous 
decomposition  of  pi-oteids,  inasmuch  as  that,  in  the  absence  of  minute 
organisms,  the  decomposition  of  proteids  does  not  occur:  it  is  con¬ 
sequently  mjt  spontaneous,  and  tluu'efore  hunientation  cannot  be  con¬ 
sidered  as  a  jirocess  (hqiendent  on  spontaneous  decomposition. 

260.  Modern  Theory  of  Fermentation. — The  following  is  a 

short  statimumt  of  this  tlu'Oiy.  Maltose,  proteids,  and  other  ferment- 
abl(^  substances  do  not  decompose  of  them.selves,  even  when  subjected 
to  favourable  conditions  of  moisture,  warmth,  it'c.,  ju'ovided  that 
fei'inenting  organisms  are  I'igorously  ('xcluded.  These,  on  their  intro- 
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(Uiction,  thrive  and  nmltiply  ;  tiikini’-  the  nonrishineiit  reciuisite  for 
their  development  from  tlie  snl)Stanc('  which  is  fermented 

A  special  feature  characteristic  of  fermentation  is  tliat  tin*  amount 
of  matter  consumed  and  changed  into  otlu'r  compounds  is  excessividy 
great,  compared  with  the  sizt“  and  weight  of  the  consuming  organisms  ; 
consequently  a  very  few  yeast  globules  decompost'  very  many  times  their 
weight  of  sugar,  and  produce  a  relatively  large  (juantity  of  alcohol  and 
carbon  dioxide.  No  very  clear  I’eason  has  as  yet  been  given  for  this 
characteristic  of  fermentation,  l)ut  the  must  feasil)le  and  probable 
explanation  is  that  the  decompositit)n  of  sugar  furnishes  not  only 
material  for  the  growth  and  development  of  cells,  but  also  the  heat 
necessary  for  the  continuance  of  yeast  life.  It  is  this  double  function 
of  sugar  in  fermentation  which  causes  the  enormous  con.sinnption  of 
that  compound.  Fermentation  is  thus  seen  to  be  like  enzyniosis  in  that 
a  small  ([Uantity  of  the  active  agent  induces  chtmical  change  in  much 
larger  quantities  of  material  ;  but  fermentation  goes  further,  inasmuch 
as  the  quantity  of  fermenting  agent  itself  also  increases  during  its 
continuance. 

In  alcoholic  fermentation  then,  yeast,  in  order  to  obtain  heat  and 
nourishment,  attacks  glucose  or  maltose,  and  excretes  or  voids  carbon  di¬ 
oxide  gas,  alcohol,  and  small  quantities  of  other  bodies.  The  assimilative 
power  of  yeast  is  limited  to  converting  the  sugar  into  these  substances, 
which  then  become,  so  far  as  it  is  concerned,  waste  products.  Other 
organisms  attack  the  pn^teids  and  produce  butyi’ic  acid  and  other  com¬ 
pounds.  Each  particular  organism  has  its  special  productsof  feriiK'ntation. 

261.  Experimental  Basis  of  Modern  Theory.  It  is  scarcely 
within  the  .scope  of  the  ])resent  wt)rk  to  trace  step  by  stej>  the  nature  of 
the  various  researches  which  have  led  to  the  adojition  of  the  theory  just 
explained.  Briefly  stated,  the  lirst  and  most  important  i)oint  is  that  a 
liquid  free  from  ferment  organisms  or  their  germs  dot's  not  undergo 
fermentation.  In  proof  of  this  point,  liquids  were  placed  in  llasks  or 
tubes,  the  necks  of  which  wt-re  tightly  plugged  with  cotton  wool.  The 
liquids  were  then  boiled  for  .some  time;  the  heat  destroyed  any  orguuiisms 
that  might  have  been  present  in  the  litjuids  or  the  wool.  As  the  llasks 
cooled,  the  contained  steam  condensed  ;  and  air  forced  its  way  through 
the  cotton  wool,  which  acted  as  a  iiltt'r  a)id  stojiped  oil' any  germs  that 
might  have  been  floating  in  the  air.  Hay  and  beef  infusions,  must, 
wort,  urine,  and  other  li(|uids,  on  being  ti’eatc'd  in  this  niiinner,  may  Ik; 
kept  for  any  length  of  time  without  undergoing  fermentation  oi-  putre¬ 
faction.  That  the  resistance  to  fermentation  is  due  to  the  absence  of 
fermenting  organisms,  and  not  to  the  li(iuids  having  been  so  changed  by 
boiling  as  to  la*  unfit  for  fermentation  to  proceed,  is  pioved  by  adding 
a  small  ijuantity  of  yeast  oi'  other  Ic'rment  to  tlu;  stt'iih'  li(|ui(l,  when 
fermentation  sets  in  and  proceeds  vigorously.  Tht;  chemical  changes 
tliat  are  ])roduc<'d  dej)end  on  the  natiu'e  of  tlu;  ferment  that  has  b(‘en 
added.  Yeast  effects  the  decomposition  of  sugar  into  alcohol  and  carbon 
dioxide,  othei’  ferments  cause  ])utrefaction,  and  r('sult  in  the  typical 
b(jdies  charactei'istic  of  that  change,  yiiile  tln^se  actions  ar(' iirogressing, 
th(!  ferment  is  found  t(»  be  de\'eloping  and  multiplying.  Further,  if  the 
ferment  used  la*  pure,  oik;  species  oidy  of  oi'ganisni  is  found  in  the 
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Witliiii  ;iiiy  pi)ssil)lt'  limits  of  obsoi’vatioii  no  ti’aiisformation 
of  one  b'l-ment  into  anotlu'r  occurs:  each  belongs  to  a  distinct  and 
sc'parate  race  of  oi’ganisms.  This  stateincmt  does  not  den\'  the  possil)ility 
of  the  modification  of  speci('s  1)3'  means  of  a  natural  process  of  evolution, 
d'here  is,  on  the  contrary,  strong  evidence  in  favour  of  the  gradual 
<'voliition  of  species  in  course  of  time. 

262.  Varieties  of  Fermentation.  -Among  the  main- change.s 
included  under  this  term,  tlif*  folhnving  are  of  importance  in  the  con¬ 
sideration  of  our  jiresent  subject  :  Alcoholic  fm'inentation,  resulting  in 
the  ju'oduction  of  alcohol  and  cai'bon  dio.xide ;  lactic  fermentation,  in 
vhich  sugai'  is  converted  into  lactic  acid;  acetous  fermentation,  in  which 
alcohol  is  transformed  into  acetic  acid  ;  viscous  or  rop}'  fermentation, 
I'esulting  in  the  pi'oduction  of  mannite  and  different  viscous  bodies; 
and  j)utrefactive  fermentation,  in  which  butt'ric  acid  and  a  vai'iety  of 
(.)ffensive  products  are  formed. 

ALCOHOLIC  FKHMENTATION’  AXD  YEAST. 

263.  The  natui'e  of  alcoholic  fermentation  has  alread}’  been  described. 
For  the  sake  of  exactness,  Pasteur’s  definition  of  it  is  appended.  “Al¬ 
coholic  f(‘rmentation  is  that  which  sugar  undergoes  under  the  influence 
of  tlui  ferment  which  bears  the  name,  of  3'east  or  barm.”  When  the 
word  “  fermentation  ”  is  eniplo3'ed  without  an3'  qualif\'ing  adjective, 
alcoholic  fei'inentation  is  always  understood. 

264.  Substances  susceptible  of  Alcoholic  Fermentation. 

Pre-eminent  among  these  are  the  glucoses,  which  are  ilirectl}’  split 
up  into  alcohol  and  carbon  dioxide.  iMost  other  sugars  may  also  be 
ferm(mt(‘d  ;  but  usually,  as  in  the  case  of  cane  sugar,  require  first  to  be 
hvdi'olvsed  to  glucose.  As  alread\'  explained,  this  change  is  efl’ected, 
when  yeast  is  added  direct  to  cane  sugar,  by  the  enz3'me,  invertase ; 
which  latter  functions  independently  of  the  cell  itself,  and  therefore 
the  inversion  of  the  sugai'  is  separate  and  distinct  from  fermentation 
proper.  Moth  diastase  and  invertase  are  without  action  upon  maltose  ; 
and,  unlike  cane  sugar,  maltose  apparent!}^  undergoes  no  inversion 
before  fei-mentation,  all  the  evidence  pointing  to  the  direct  and  complete 
fermentabilif v  of  this  sugar. 

Pui'e  yeast  is  incajiable  of  producing  fermentation  in  I'ither  starch 
paste  or  dextrin  ;  neither  can  albuminous  bodies,  whether  of  vegetable 
or  animal  oi'igin,  be  fermented. 

265.  Fermentation  viewed  as  a  Chemical  Change. — The 

conviu'sion  of  glucose  into  alcohol  and  carbon  dioxide  ma}'  be  repre- 
.sented  ver3'  simply  1)3'  the  eijuation — ■ 

c,,n,A  =  ■2C,\\,]iO  +  2C0,. 

oiiiCDse.  .Mcoliol.  Carbon  l)io.\ule. 

Jn  the  ca.se  of  the  direct  fermentation  of  maltose,  the  reaction  is 
sonieuhat  more  complicated,  as  simultaneously  with  tlu'  ju'oduction  of 
alcohol  and  carbon  dioxide,  the  yeast  must  induce  the  introduction  of 
the  elements  of  a  molecule  of  water,  thus — 

C,Jl2.,0„  +  11,0  =  4C., 1 1,110  -f  ‘iCO... 

Maltoso.  WiiUr.  Ak'oliol.  Carbon  Dioxide. 
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Taking  tlio  action  on  the  ^jlncoso  as  tlio  more'  simple  of  tlie  two,  the 
equation  ifiven  above  does  not,  liowevei',  represent  the  wliole  of  the 
cliange,  for  100  jiarts  of  glucose  then  would  yield  - 

Alcohol,  ...  ...  ...  hi -11 

Carbon  Dioxide,  ...  ...  48-S9 

100-00 

Pasteur  carefully  collected  the  whole  of  the  alcohol  and  carbon 
dioxide  produced  1)}'  fei-inentation  of  a  (hdinite  weight  of  glucose,  and 
found  that  he  only  obtained  — 

Alcohol,  ...  ...  -IS-.hl  per  cent. 

Carbon  Dioxide,  ...  46-40  ,, 

100  -  94-91  =  5-09  parts  of 

glucose  not  transformed  into  alcohol  and  carbon  dio.xide. 

The  following  bodies  occur  as  subsidiary  i)roducts — glycerin,  succinic 
acid  ;  proiiyl,  butyl,  and  amyl  alcoliols  ;  acetic  and  butyric  acids.  Of 
these,  the  amount  of  glycerin  and  succinic  acid  produced  have  been 
found  to  be — 

Glycerin,  ...  ...  3-00  per  cent. 

Succinic  Acid, ...  ...  1-13  ,, 


4-13 

This,  therefore,  leaves  but  0-96  per  cent,  for  the  various  higher 
alcohols,  and  the  acetic  and  butyric  acids  ;  and  also  for  that  jaoi-tion  of 
the  sugar  that  goes  to  help  to  build  up  fresh  yeast  cells. 

^Iono3'er  proposes  the  following  equation  as  showing  the  production 
of  glycei'in  and  succinic  acid  from  glucose — 

4C,H,,A  +  3H,0  =  n,,C,H,0,  +  6C,iyilO),,  +  2CO^  +  o. 

Glucose.  Water.  Succinic  .4ciil.  Glycerin.  Carbon  O.xygen. 

Dio.xide 

Mo  free  oxj'gen  is,  however-,  detected  in  fermentation;  anj'^  that  may 
he  pi-oduced  during-  the  decomposition  is  probably  used  up  b)-  the  jmast 
cells  for  purposes  of  resjiii-ation. 

Pasteur  claims  that  the  glycei-in  and  succinic  acid,  as  well  as  the 
alcohol  and  ciirbon  dioxide,  arr-  imrmal  products  of  alcoholic  fermenta¬ 
tion  ;  and  further-,  that  these  bodif's  are  pi-oduced  fr'onr  the  sugar,  arrd 
irot  fi-orrr  the  ferirrent.  He  also  shows  that  a  portimr  of  the  sugar  goes 
to  help  trr  build  uj)  the  jmast  globules.  Tire  rprantities  of  glj’cei-in  arrd 
succiiric  acid  jrr-oduced  ai-e  inrt  constant,  but  var-y  with  the  conditions 
urrder  which  fernreirtatioir  pi-ocec'ds  ;  wheir  the  actiorr  is  slow  the  pi-o- 
portion  of  glycerin  arrd  succiiric  acid  to  alcohol  is  higher  tlrair  with 
brisk  and  active  fer-mentation. 

Pi-efeld,  however-,  argues  that  glj'cm-in  and  succinic  acid  are  not  pt-o- 
ducts  of  alcoholic  fer-iirerrtatioir  priqrei-,  but  r-ather  ai-e  pathological 
proflucts  arising  out  of  the  death  of  the  j'l'ast  cells.  The  sairre  view  is 
advanced  iir  a  rnor-e  moder-nly  expressed  ojiiirioir  that  these  bodies  ai-e 
due  to  the  destr-uctive  metabolism’  of  the  cells. 


’  For  an  explanation  of  nietaholisin  refer  to  Clnipter  XIII.,  par  385. 
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The  niiiioral  inattiM-  of  _yeast  is  of  yri'at  impoiianco,  and  lias  hocii 
made  the  subject  of  careful  analysis  by  iMitscberlicb  and  others.  The 
followiii”'  table  i^ives  the  composition  of  the  ash  of  surface  and  sedi¬ 


mentary  yeasts  by  IMitscherlich,  and 
Bull--' 


Phosphoric  acid,  P.^O., 
Potash,  K.^td, 

Soda,  Na^O. 

^Magnesia,  ^IgO,  ... 
Lime,  CaO, 

Silica,  SiOj, 

Iron  Oxide,  I'TyO^, 
Sulphuric  acid,  SO.,, 
Hydrochloric  acid,  HCI, 


of  the  surface  yeast  ot  pale  ale  by 
irfacc  y.  Sc'dinieiitnry  Y. 


Mitscherlidi. 

— ^  hiii'face  1 .  of 
l’:vle  -Ale. 

b.-VD 

59-4 

54-7 

39-8 

28-3 

35-2 

-- 

0  5 

G-O 

8-1 

4-] 

1-0 

4  3 

4-5 

traces 

— 

— 

-  - 

0-G 

— 

— 

— 

_ 

— 

0-1 

Yeast  ash  is  therefore  composed  principally  of  phosphoric  acid  and 
potash  :  attention  is  directed  to  the  similarity  in  composition  between 
the  ash  of  yeast  and  that  of  wheat.  The  above  acids  and  bases  probably 
exi.st  in  combination  as  the  following  salts  : — 


Potassium  jihospliates. 

Surf.  y. 

81 T) 

Sell.  Y, 

G7'8 

IMagnesium  jihosphate,  l\Ig.,(P04).j, 

lG-8 

22-G 

Calcium  phosphate,  Ca3(P04).^, 

2-3 

9-7 

The  pota.ssium  phosphate  mu.st  be  looked  on  as  a  mixture  of  the  dihydric 
phosphate,  KH„P()^,  and  the  monohydric  phosphate,  K.TIPO^.  The 
former  of  these  phosphates  contains  94  by  weight  of  K.^O  to  142  of 
PjOj ;  the  latter  contains  188  of  lv.4)  to  142  of  P/ds-  The  weight  of 
KgO  in  the  surface  yeast  ash  is  between  that  required  to  produce  either 
of  these  two  potassium  phosphates.  The  composition  of  the  pota.ssium 
pho.sphate  of  the  sedimentary  yeast  ash  nearly  agrees  with  the  formula, 
KH„PO,.  “  ‘ 


267.  Yeast  as  an  Organism. — Viewed  as  an  organism,  yeast 
may  be  said  to  be  a  plant  of  an  exceedingly  elementary  structure  ;  it  is 
in  fact  one  of  the  simplest  plants  known.  In  yery  minute  forms  of 
life  it  is  difficult  to  distinguish  animals  and  yegetables  from  each  other, 
for  with  almost  any  rletinition  that  may  be  selected,  one  or  two  species 
wander  over  the  border  line.  One  of  the  most  marked  diffei'ences 
between  the  higher  plants  and  animals  is,  that  tlu'  former  are  able  to 
derive  their  sustenance  from  inorganic  compaainds,  their  carbon  from 
carbon  dioxide,  and  their  nitrogen  from  ammonia.  Animals,  on  the 
contraiy,  can  make  no  use  of  cai’bon  or  nitrogen  for  the  purpose  of 
building  up  their  tissues,  unless  these  bodies  are  jiresented  to  them  in 
the  form  of  organic  compounds.  Hence,  in  the  economy'  of  nature,  it 
will  !)(>  found  that  while  plants  live  and  develoji,  as  before  stated,  by 
the  assimilation  of  the  elements  of  carbon  dioxide  and  ammonia,  animals 
subsist  (‘ither  on  vegetable  .substanci's,  or  on  the  bodies  of  otlu'r  animals, 
"icast  is  unable  to  assimilate  carbon  from  inorganic  sourct's,  but  being 
able  to  derive  its  nitrogenous  nutriment  from  inorganic  bodies,  is  placed 
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ill  tlio  vegetable'  kingiioui.  Tlie  chemical  diaiigi's  jirorluced  duiiiig  the 
gi’owth  of  the  higher  plants  result  in  the  huilding  u]>  of  conijilex  coin- 
[tounds  from  very  simple  ones  :  in  lla*  animal,  com]ilex  bodies  are 
required  as  nourishment,  and  are  broken  down  into  sinqiler  bodies.  The 
complexity  here  referred  to  is  that  which  may  be  measureil  by  the 
number  of  atoms  in  the  molecule  of  the  body  :  thus,  water  is  a  very 
sinqile  compound,  m  IuIo  starch  has  a  most  complex  molecular  structure. 
The  chemical  opi'rations  of  plantdife  may  be  summed  up  as  consisting 
of  synthesis ;  those  of  animal  existence  as  analysis.  Tn  order  to  effect 
the  synthe.sis  of  jdant  conqiounds  from  the  substances  at  the  disjiosal  of 
vegetables,  force  is  requii'ed  ;  this  they  usually  obtain  in  the  form  of 
heat  from  the  sun.  The  act  of  growth  of  a  jilant  means,  therefore,  a 
continual  absorption  of  lu>at.  Dn  the  other  hand,  animals,  in  taking 
conqdex  bodies  and  bi'caking  them  down  into  simpler  ones,  liberate 
heat  ;  conse(piently,  one  r(‘sult  of  animal  life  is  that  heat  is  continuously 
being  evolved.  Yeast,  in  this  })articular,  jiartakes  both  of  the  nature 
of  an  animal  as  well  as  .a  plant.  Its  nitrogen  may  be  obtained  from 
inorganic  sources,  but  is  moi’e  usually  derived  from  suitable  proteid 
matter,  such  as  peptones.  On  the  other  hand,  the  cai'bon  of  yeast  is 
taken  from  sugar  with  the  breaking  down  of  that  body  into  sinq)ler 
conqiounds,  and  the  consequent  liberation  of  heat ;  tlierefore  during 
fermentation  the  tenqx'ratui'e  of  the  li(juid  rises  considerably.  From  a 
chemical  standpoint,  yeast  conibiiu'S  in  itself  the  veg(dable  functions  of 
.synthesis  with  the  animal  functions  of  analy.sis. 

208.  Botanic  Position  of  Yeast.  This  organism  belongs  to 
ihe  fannly  of  Fungi. 

Fungi. — The  finigi  are  tho.se  plants  which  are  destitute  of  chloroj)!!}’!! 
(the  ordinaiy  green  colouring  matter  of  grass,  itrc. ).  They  reproduce 
by  buds  and  spores. 

Spores. — Spores  are  a  variety  of  cell,  and  in  idl  fungi  tlu'  spoi’cs  are 
similar  in  essential  poiidk  to  the  yeast  cell  ;  notwithstanding  that  they 
may  vary  considerably  in  a{)peai'ance  and  details  of  structure. 

Ifyphcc. — The  s])ore,  on  being  sown  in  a  suitable  medium  for  its 
growth,  throws  out  a  long  delicate  stem  of  tubular  structure,  termed 
a  “hypha.”  A  grouj)  of  these  hyplue  constitute  the  fungus. 

Myec/iu/n. — Om^  of  the  best  typical  examples  of  a  fungus  is  the 
common  green  mould  found  on  old  boots,  brc'ad,  jam,  lire.  This  has 
received  the  name  Pcuicilliu m  glaucuni.  On  examining  a  specimen  of 
such  mould  from  the  toji  of  a  i)ot  of  jam  for  instance,  its  base  is  found 
to  consist  of  an  interlac(>d  growth  of  hyplue,  forming  a  more  or  less 
compact  web  or  skin  on  the  jam.  This  layer  of  intermingled  hyplue  is 
ti'riiusl  the.  “  myc(‘lium.”  hb-om  its  upju'r  surface  a  number  of  hyplue 
project  into  the;  aii-,  each  bearing  a  (piantity  of  very  line  green  jtowder, 
th(‘S(^  ar(‘  termed  “  a'ldal  Iqyplue.”  On  tin*  lower  surface  again,  othei- 
hyj)lue  grow  down  I'oot  like  into  the  li(juid,  which  supports  the  mould; 
these  are  tlu'  “subnu'rged  hypha-.” 

Couidia. — Some  of  th(‘  a-rial  hy|)lue  tc-rminate  in  short  branches,  each 
<if  which  is  divided  into  a  s(>ri(^s  of  rounded  spoivs  which  are  oidy  loosely 
attacheil  to  the  hyplue,  and  so  may  easily  be  shaken  oil’;  the.se  spores 
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are  termed  “  coiiidia.”  Each  sejKU'ate  coiiidium,  if  sown  in  a  suitable 
liquid,  develops  a  A'oung  fungus,  which  in  its  turn  rapidly  niultii)li(>s. 

S/onui^i^id.  —  Some  of  tlu'  fungi,  as  foi’  instance  that  known  as  Mucor 
mi/cedo,  have  their  hyplue  tc'rminated  in  rounded  heads;  each  of  these 
is  calk'll  a  “sporangium.'’ 

269.  Varieties  of  Yeast.  The  yeast  fungi  constitute  the  genus 
Sauha/'o/nyies-,  they  are  -so  named  becau.se  they  mostly  live  in  saccharine 
solutions,  converting  the  sugar  present  into  alcohol.  The  saccharotnyccs 
have  no  mycelium,  and  in  common  with  the  other  fungi  rejuoduce  by 
buds  and  spores.  The  genus  saccliaroiiiycts  conqu'ises  several  species,  a 
detailed  description  of  which  will  subsequently  be  given. 

270.  Nature  of  Yeast  Cells.-  -The  yeast  organism  consists  of 
cells,  mostly  round,  or  slightly  oval,  from  S  to  9  pin  diameter;  the 
cells  may  occur  either  singly  or  groujied  together  as  colonies.  It  is 
impossible  to  obtain  any  real  knowledge  of  the  physical  structure  of 
yeast  without  a  careful  and  systematic  personal  e.xamination  Ijy  the 
microscope:  it  has  been  thought  well,  therefore,  to  ari’ange  the  following 
description  in  such  a  form  as  to  constitute  a  guide  to  actual  yeast 
examination. 


a.  a  liiul  colony  ;  h,  two  .siiore-formiiij,'  cells  (after  Lilrsseii). 

1.  Take  either  :i  little  luewt'i  s’  yeast,  or  baki'i  s’  compre>ssed  distillers' 
yeast,  and  mix  with  some  wtiter  until  a  milky  lim’d  is  produced.  I’y 
means  of  a  jiointed  glass  rod,  t;ik(‘  it  small  drop  of  this  tluid  and  place 
it  on  a  clean  microscopic  slide,  iind  gently  covei-  with  a  cover-ghiss. 
Arrange  the  microscojie  in  it  vertictil  position,  :ind  proceed  to  e.xamine 
tlie  yeast  by  meiins  of  a  fairly  high  power  (J  obji'ctive).  Notice  that 
the  yeast  consists  of  cells,  of  which  meiistire  a  few  b\'  means  of  the  eye¬ 
piece  micrometi'r,  and  observe  that  their  dimensions  agree  with  thosi* 
just  given.  Each  cell  consists  of  a  distinct  wall  or  en\'elope,  containing, 
within,  a  mass  of  moi’e  or  less  gelatinous  mattei’  (le\oid  of  organic 
structure.  The  interior  substance  is  named  “  protcqilasm  ;  ”  this  tei'in 
being  applied  to  that  ultimate  form  of  organic  matter  of  which  the  cells 
of  animals  and  plants  ai'e  composed,  d'lie  protoplasm  of  the  yeast  cel! 
is  not  homogeneous,  but  is  always  more  or  less  distinctly  granular. 
Euii  in  magenta  solution  under  the  c■over•^•lass.  ('I’his  is  readily  done 
by  jdacing  a  drop  of  the  solution  in  contact  with  one  side*  of  the  co\er- 
glass,  and  placing  a  strip  of  blotting  paper  on  tlm  other.)  Notice  that 
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tlie  sac  or  oiivelDpo  I'eiiiains  iinoolouivd,  wliilt*  tlio  protoplasm  stains  com- 
jiaratively  d(‘eply ;  tlie  vacuolos  arc  unstainod.  Dim  or  more  circ-ular 
spots  can  usually  be  si-mi  in  yeast  eidls  as  obtained  from  a  brewery  ; 
tliese  are  caused  by  the  gelatinous  matter  moving  toward  tlie  sides  of 
the  cell,  and  leaving  a  comparatively  empty  sjiace,  containing  only 
watery  cell-sap  ;  hence  these  spots  are  termed  vacuoles.  A  specimen 
of  yeast  is  shown  in  l^^igure  8. 

'1.  Ivemove  the  slide  from  the  microscope,  and  burst  a  few  of  the  cells 
by  placing  a  few  folds  of  blotting  paper  on  the  cover-glass,  and  then 
pressing  sharply  with  the  end  of  a  pencil  or  rounded  glass  rod.  Again 
examine  uiuler  the  microscope,  note  the  empty  .sacs  and  the  extruded 
protoiilasm,  which  does  not  readily  mix  with  the  water. 

If  practicable,  try  this  experiment  with  yeast  of  various  ages ;  very 
old  yeast  cells  break  more  easily,  and  the  protoplasm  is  more  Huid,  and 
takes  the  colour  moix'  readily.  By  using  the  magenta  stain  in  a  dilute 
form,  old  and  dead  cells  ma}’  lx*  differentiated  from  those  which  are 
healthy  and  vigorous — the  latter  remain  unstained,  or  take  up  the  stain 
very  slightly,  while  dead  cells  readily  and  ijuickly  acquire  a  magenta 
hue. 

Take  six  clean  cover-glasses  and  coat  one  side  of  each  with  a  thin 
layer  of  yeast,  by  painting  on  the  mixture  of  yeast  and  water  by  means 
of  a  camel's  hair  brush,  and  set  aside  until  thoroughly  dry.  The  yeast 
adheres  tirmh’  to  the  glass,  showing  that  the  outside  of  the  cell- walls  is 
mucilaginous  in  character. 

4.  Add  a  droji  of  solution  of  iodine  in  jiotassium  iodide  to  one  of 
these  covers,  let  it  stand  five  minute.s,  and  then  wash  slightly  in  water, 
and  mount  the  cover-glass,  yeast  side  downward,  on  a  glass  slide.  The 
cell-wall  stains  slightly,  ami  the  protoplasm  becomes  dark  brown;  but 
no  blue  colour  is  produced  ;  starch  therefore  is  absent.  As  the  cell 
envelope  is  continuous,  containing  no  apertures,  the  iodine  solution 
must  have  jiassed  through  its  substance. 

5.  Similarly  treat  another  cover  preparation  with  iodine,  and  then, 
without  washing,  add  one  or  two  drops  of  70  per  cent,  sulphuric  acid. 
The  cell-contents  acquire  a  deeper  brown  stain,  and  the  cell-walls  become 
lirownish  yellow,  but  do  not  show  any  blue  colouration. 

The  celiulose  of  the  walls  of  the  cells  of  most  higher  plants  acquire  a 
blue  colour  with  this  treatment,  showing  the  presence  of  a  cellulose 
allied  to  that  of  starch,  but  the  cellulose  of  yeast,  and  of  fungi  generally, 
is  devoid  of  this  proiierty. 

d.  Tn'at  the  yeast  on  another  cover-glass  with  solution  of  potash.  The 
pi'otojilasm  is  dissolved,  leaving  nothing  to  he  seen  but  enqity  cell-walls. 

7.  Treat  another  covei-glass  ju-eparation  with  a  solution  of  osmic 
acid.  Note  that  small,  sharply  defined,  dark  coloured  bodies  are  seen. 
Jorgensen  regai'ds  these  as  cell-nuclei  of  the  same  nature  as  those 
'i-enerally  observed  in  the  majority  of  jdants  without  this  ti-eatment. 

8.  break  down  a  little  yeast  with  watm-,  and  focus  under  the  micro¬ 
scope,  so  as  to  observe  distinctly  the  small  bright  granules  of  fat  within 
tlie  protoplasm  of  the  cells.  Put  a  jnece  of  blotting  paper  on  one  side 
-of  tlie  cover-glass,  and  run  in  at  the  other  a  few  drojis  of  ether  from  a 
line  pipc'tte — the  fat  granules  dissolve  and  disappear. 
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271.  Life  History.  — Oil  c'xiunininif  uiulor  a  inicroscopc,  a  sample 
of  skimmed  yeast,  as  obtained  from  tlie  brewer,  it  is  fouiul  to  consist 
either  of  single  cells,  or  cells  joined  together  in  pairs.  Such  yeast 
having  usually  remained  iiuiescent  for  some  time,  the  cells  rarely  occur 
in  large  groups,  because,  with  standing,  they  tend  to  separate  from 
each  othei-.  The  granulations  in  the  protoplasm,  and  also  the  vacuoles, 
should  be  visible.  On  placing  a  veiy  small  cpiantity  of  this  yeast  in  a 
suitable  liquid  for  its  growth,  as  malt  wort,  at  a  temperature  of  about 
.■}0°  C.  (86°  F.),  the  cells,  which  at  first  were  somewhat  shrunken  and 
tilled  throughout  with  granular  matter,  increase  in  size  from  absorption 
of  the  licjuid  in  which  they  are  placed.  At  the  .same  time  the  gramda- 
tions  becomes  less  distinct,  and  the  whole  ccdl  assumes  a  more  transparent 
and  distended  appeantnce. 

To  observe  this  effect,  mount  a  few  cells  on  a  microscopic  slide  with 
warm  malt  wort,  and  keep  under  observation  with  the  microscope. 
After  a  time  the  round  yea.st  cells  become  slightly  elongated  through  the 
formation  of  a  small  protuberance  at  one  end  ;  this  grows  more  marketl, 
until  shortly  a  neck  is  formed  by  a  contraction  of  the  cell  wall.  But 
•still,  careful  examination  shows  that  there  is  a  distinct  opening  through 
this  neck,  the  contents  of  the  smaller  portion  being  continuous  with 
those  of  the  cell.  As  the  growth  continues,  the  strangulation  at  the 
neck  proceeds  until  the  cell  wall  completely  shuts  off  the  protuberance, 
which  then  constitutes  a  new  or  daughter  cell,  attached  to  the  parent. 
This  operation  is  known  as  “  budding.’’  The  one  parent  cell  is  capable 
of  giving  off  several  buds  in  succession  ;  but  after  a  time  its  reproductive 
energy  is  exhausted,  and  the  cell  breaks  up.  These  daughter  cells  in 
their  turn  give  rise  to  other  cells,  and  so  the  multiplication  of  yeast 
globules  proceeds  with  remarkable  rapidity. 


KKiUKK  9. — Saciharoiiiyccs  Ccrevisiu\ 

«,  llipli  Yeast,  at  rest  ;  b,  IIis;h  Yeiist,  actively  lanldiiit;  ;  c,  Low  Yeast,  at  rest  ; 
d,  Low  Yeast,  actively  Imddiiiii. 
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Pasteur  states  that  on  one  occasion  he  watched  two  cells  for  two 
hours  ;  during  that  time  they  had  multiplied  by  budding  into  eight,  in¬ 
cluding  the  original  jiair  of  cells.  At  this  stage,  buds  of  every  size  may 
Vie  seen  attached  to  the  parent  cells  ;  some  are  so  small  as  to  be  scarcely 
visible,  while  others  are  lU'arly  as  large  as  the  parents. 

With  the  progress  of  this  growth  and  development,  sugar  is  being 
decomposed,  the  licjuid  becomes  alcoholic,  and  its  specitic  gravit\' 
diminishes.  The  brewer  terms  this  change  “attenuation,”  or  a  becom¬ 
ing  thinner.  Another  reason  for  the  use  of  this  name  is  that  the  liquid 
becomes  less  viscous,  from  the  conversion  of  the  sirujiy  solution  of  mal¬ 
tose  into  the  highly  mobile  licjuid,  alcohol.  Simultaneously  with  the 
production  of  alcohol,  carbon  dio.vide  gas  is  evolved  ;  this  rapidly  rises  to 
the  surface,  and  carries  up  with  it  the  yeast  cells,  which  float  on  the  top 
of  the  fermenting  wort.  Yeast  now  skimmed  off  is  found  to  consist  of 
colonies  of  some  scores  of  cells  linked  together  ;  the  majority  of  these 
are  clear  and  almost  transparent.  Usually  in  the  middle  of  each  such 
grou}),  the  old  or  parent  cell  can  be  recognised  by  its  darker  contour 
and  comjiaratively  exhausted  ajipearance.  As  the  (juantity  of  sugar  in 
the  liquid  becomes  less,  the  fermentation  .slackens,  and  finally  ceases. 
If  the  cells  then  be  again  examined  under  the  micro.scope,  they  will 
be  found  to  have  a  firmer  outline,  and  their  contents  will  be  more 
granular.  In  what  may  be  termed  old  age  of  the  yeast  cell,  the  walls 
become  abnormally  thick,  and  the  granulations  very  dense.  The  yeast, 
on  being  removed  from  the  fermenting  tun,  is  usuall}’  set  aside  in  store 
vats  ;  on  standing,  it  gradually  assumes  the  appearance  described  on  that 
of  the  yeast  u.sed  for  “  pitching  ”  or  starting  the  fermentation.  The 
quantity  of  yeast  thus  obtained  is  considerably  in  e.xcess  of  that  first 
added  to  the  malt  wort. 

In  the  moist  state,  yeast  decomposes  (juickly  ;  hence  if  the  store  be 
kept  for  any  length  of  time,  the  cells  rapidly  alter  in  character.  The 
walls  become  soft,  thin,  ami  weak,  and  the  interior  protojilasm  changes 
fiom  its  normal  granular  gelatinous  condition  to  a  watery  consistency. 
After  a  time,  if  viewed  with  a  high  power,  a  distinct  “  Prownian  ” 
movement  is  seen  of  particles  susiiended  in  the  contents  of  the  c('ll. 
The  particles  may  very  jiossibly  consist  of  minute  fragments  of  cellulo.se 
from  the  envelopes.  After  a  time  the  walls  also  break  down  and  all 
traces  of  the  yeast  organism  disappear.  The  normal  bodies  produced 
by  the  decomposition  of  nitrogenous  and  jiroteid  bodies  may  now  be 
detected  in  the  liipiid  :  putrefaction  rajiitlly  follows,  with  the  jiroduction 
of  a  most  oll'ensive  otlour.  Such  is  in  broad  outlines  the  life  history  of 
a  v«‘a.st  cell,  when  sown  under  normal  conditions  in  malt  wort. 

1  tistillers’ yeast  putreties  much  more  readily  than  does  that  of  the 
beer  bi-ewer  ;  the  hops  u.sed  in  the  lattt'i’ act  as  an  antisi'ptic,  and  the 
V(‘ast  jiutrelies  much  less  readily.  Evidence'  of  this  is  afforded  in  the 
inethod  employed  for  the  pre[iaration  of  invertasi'  from  brewi'rs’  yeast. 

High  yeast  produces  a  beer  ha\ing  a  special  and  characteilstie- 
tlavour,  which  distinguishes  it  at  once  fioiu  beer  brewe'il  with  low  yeast. 

272.  Influence  of  Temperature  on  Yeast  Growth.  I'ho 

tempi'raturei  most  favourable  to  the  growth  of  yeast  is  from  2')°  (A  to 
:’)5  C.  (77°  and  'J5°  E.)  T.etwt'en  these  points  yeast  tlourishes  and  grows 
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well  ;  at  teinperaturos  lower  than  1’.")°  ,<;rowth  proceeds,  hut  not  so 
rapidly.  At  a  temperature  of  about  9°  C.  (49’6°  F.),  the  action  of  yeast 
is  arrested  ;  the  vitality,  however,  of  th(>  cell  is  oidy  suspeiuhal,  not 
destroved,  for  with  a  higher  temperature  it  again  acapiires  the  power  of 
inducing  fermentation.  Actual  freezing  does  not  destroy  yeast,  pro¬ 
vided  the  cells  do  not  get  mechanically  ruptured  or  injun'd.  Above 
35°  C.,  the  effect  of  heat  is  to  weaken  the  action  of  yeast,  until  at  a 
temperature  of  about  GO'’  C.  (140°  F.),  being  that  at  which  pro- 
teid  pi'inciples  begin  to  coagulate,  the  yeast  is  destroyed.  This  api)lies 
to  moi.st  yeast.  Wlien  dry,  the  cells  are  able  to  stand  higher  tempera¬ 
tures  than  when  suffused  with  water  ;  thus,  dried  yeast  has  been  lieated 
to  100°  C.  without  destroying  its  vitality. 

Although  a  temperature  of  from  :25°  to  35°  C.  conduces  to  the  rapid 
growth  of  yeast,  yet  there  are  other  circumstances  which  render  it 
advisable  to  conduct  actual  brewing  operations  at  a  much  lowei-  tem¬ 
perature.  In  English  breweries,  a  pitching  temiierature  of  about  from 
18°  to  19°  C.  (G5°  F. )  is  commonly  employed  :  during  the  fermentation 
the  heat  rises  to  from  21"  to  22°  C.  (72°  F.). 

Faulkner  states  that  a  tun  of  pale  ale,  containing  200  barrels  of  3G 
gallons,  on  being  pitched  with  600  lbs.  of  yeast  at  14'5°  C.  (58T°  F.)  had 
sufficiently  attenuated  in  4G  hours,  during  which  time  the  temperature 
had  risen  to  22-2°  C.  (72°  F.). 

273.  Substances  Requisite  for  the  Nutriment  of  Yeast.— 

It  has  several  times  been  stated  that  sugar  is  required  by  yeast  during 
its  growth  ;  as  yeast  cells  likewise  contain  nitrogenous  matter,  and  also 
certain  inorganic  constituents,  it  is  evident  that  nitrogen  in  some  form, 
and  also  the  requisite  mineral  salts,  must  be  supplied  to  the  growing 
yeast.  Summing  these  up,  yeast  requires  for  its  growth,  sugar,  nitro¬ 
genous  compounds,  and  appropriate  inorganic  matter. 

274-  Saccharine  Matters. — These  occupy  tlie  first  and  paramount 
position,  as  being  absolutely  necessary  for  the  production  of  alcoholic 
fermentation.  Pure  yeast  sown  in  a  })ure  sugar  solution  causes  it  to 
ferment;  but  without  the  sugar  neither  alcohol  is  produced,  nor  carbon 
dioxide  evolved.  Malt  wort,  grape  juice  or  “must,”  and  dough,  all  fer¬ 
ment  on  the  addition  of  yeast,  because  they  all  contain  sugar.  “  It  is 
necessary  indeed  that  sugar  be  present ;  for,  if  we  abstracted 
by  some  means  or  other  from  the  must  or  dough  all  the  sugar 
contained  in  it  '  [and  also  all  substances  capable,  by  the 
addition  of  yeast  to  flour,  of  being  converted  into  sugar], 
without  touching  the  other  constituents,  the  addition  of  yeast 
would  produce  no  gas.  Everything  would  remain  quiet  until 
the  moment  when  signs  of  a  more  or  less  advanced  putrefac¬ 
tion  showed  themselves.”  (Pasteur).  It  should  be  mentioned 
that  yeast  is  also  capable  of  inducing  detinitf^  chemical  changes  in  a  few 
other  Ixxlies  :  among  these  is  malic  acid,  which  is  broken  up  into 
succinic  and  acetic  acids,  carbon  dio.xid(',  and  water.  It  is  nlso  stated 
that  yeast  <lec(jmposes  glycerin  int(j  propionic  and  iicetic  acids;  this 
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change  has  lieon  dcniccl  hj  Roos  and  ]>ro\vn.  As  neither  malic  acid 
nor  glycerin  (in  the  fr(!e  .state)  (jcciir  as  constituents  of  Hour,  their 
fermentation  lies  altcjgether  outside  the  scope  of  the  present  work. 

.Maltose  and  the  glucoses,  or  sugars  of  the  CijlIiaO,;  grouj),  ai'(^  the 
only  sugars  capahle  of  direct  fermentation  ;  of  these,  dextrose  is  mor(‘ 
readily  decomj>osed  hy  yeast  than  is  hcvulose.  The  two  being  together 
in  the  same  solution,  it  is  stated  that  the  hcvulose  remains  unacted  on 
until  the  disappearance  of  the  whole  of  the  dextrose.  Certain  other 
sugars  are  capahle  of  indirect  fermentation  by  yeast ;  among  these  ai'e 
cane  sugar,  which  first,  however,  requires  t(j  b('  hjalrolysed  to  glucose 
by  the  action  of  the  invertase  or  soluble  diastasic  body  secreted  by  the 
yeast  cell.  As  already  explained,  this  preliminai'y  diastasis  can  lx* 
eHected  by  yeast  water,  that  is,  water  with  which  yeast  has  been  shaken 
up,  and  then  tiltered  in  order  to  remove  the  whole  of  the  yeast  cells  ; 
such  yeast  water  is,  of  course,  totally  incapable  of  setting  uj)  alcoholic 
fermentation. 

Yeast  causes  certain  etlects,  of  which  it  is  difficult  to  say  whether 
they  are  absolutely  correlatives  of  vital  acts,  as  on  organism,  or  merely 
results  of  diastasis.  For  practical  purpose.s,  it  matters  little  to  which 
of  these  tM'o  classes  of  chemical  action  any  s})ecitic  change  produced  by 
yeast  belongs ;  in  such  cases  it  is  the  action  of  yeast,  as  a  M'hole,  that 
is  of  importance. 

Sugar  of  milk  is  incapable  of  fermentation  by  yeast.  Yeast  alone  is 
also  unable  to  ferment  either  starch  paste  or  dextrin  :  these  bodies 
retjuire  some  more  powerful  agent  for  their  diastasi.s,  such  as  malt 
extract.  As  mentioned  in  Chapter  Ylll.,  yeast,  indirectly  through  its 
action  on  the  proteids  of  barley  or  wheaten  flour,  transforms  starch 
paste  into  dextrin  and  maltose,  after  which  the  yeast  induces  fernumta- 
tion.  Consecpiently,  the  tM’o,  yeast  and  proteids,  in  conjunction,  are 
capable  of  eflecting  changes  which  neither  can  separately  produce. 

It  almost  goes  without  saying  that  water  is  necessary  for  tla*  develop- 
7nent  of  yeast,  so  ixapiisite  is  it  that  saccharine  solutions  containing  over 
do  per  cent,  of  sugar  are  incapal)le  of  fermentation.  Such  a  solution, 
bv  outward  osmose  through  the  cell  wall,  dei)rives  the  3’east  of  its 
normal  proportion  of  water  as  a  constituent. 

275.  Nitrogenous  Nutriment. --Yeast  is  cajiable  of  utilising, 
during  its  growth,  the  nitrogem  of  ammoniacal  salts  (but  not  that  of  the 
acid  radical  of  nitrates) ;  thus,  a  solution  of  pure  sugar,  mixed  with 
either  ammoinum  tartrate  or  nitrate,  and  certain  non-nitrogenous 
inoi'ganic  .salts,  jau'inits  a  healthy  (h'velopnumt  of  yeast.  With  the 
multij)lication  of  the  yc'ast  cells,  the  amount  of  ju’oU'id  matti'rs  ]>i-esent 
increase’s  ;  therefoi'(>,  b\’  tin;  action  of  }'east,  tlm  ammonium  compounds 
ai’C  transformed  into  jiroleid  leodies.  Although  veast  thus  acts  on 
ammonium  salts,  organic  nitrogenous  compounds  form  a  more  suitable' 
nuti  imcnt;  among  such  substance's,  the;  soluble  pi'eete'ids  of  ye'ast  itself 
are',  e'Sjiccially  se'i/.e'd  em  by  ye'ast.  Conse(iue'ntly,  always  suppeesing  thee 
prese'iice  eef  the'  inoi'ganic  .salts  reeiuire'el  liy  ye'ast,  ye'ast  water  and  sugar 
form  an  adiinrable  meelium  for  its  growth  and  eleveleipment ;  so,  too 
elo  natural  saccharine'  juice's,  as  “must,”  the  juice'  eif  apple's,  pe'ars,  it'C. 
In  aeldition  to  the.se,  malt  infusiem  must  be  nu'ntioiu'el. 
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Alliumili,  wlietluT  fi’oin  tlie  wliito  of  or  vc'getablc!  alltuiniii,  is 
oiitirt'ly  uiitit  for  tlir  uourislinu'nt  of  yeast.  Tliis  fact  is  stated  witli 
force  ))y  Pasteur,  wliose  o|tinion  is  coiiliriiied  by  that  of  JNIayer,  wlio 
ascribes  tiu'  inactivity  of  all>uinin,  casein,  and  otlier  similar  Ijodies,  to 
tlieir  highly  colloid  nature.  The  solution  molecules  of  .soluble  proteids 
of  malt  have  such  an  apjireciable  vt)lume,  that  tilti-ation  of  the  solution 
through  a  thin  porous  earthenware  diaphragm  under  slight  i)ressure  is 
isutlicient  to  prevent  these  bodies  fiom  passing  through  into  the  filtrate 
(Prown  and  Heron).  It  may  then  be  readily  understood  that  yeast 
cell  walls  are  impermeable  to  inoteid  bodies.  The  compounds  produced 
by  digestion  of  albumin  and  its  congeners,  the  jieptones,  are  much 
nuu-e  diffusible,  and  are  eminently  suited  for  affording  the  recpiisite 
nitrogenous  nutriment  to  yeast.  Pepsin  it.self  forms  an  admirable  yea.st 
food.  Schiitzenljerger  considers  it  i)robable  that  must,  malt  wort,  and 
yeast  water  owe  their  power  of  nourishing  the  cells  of  yeast,  not  to  the 
proteid  bodies,  but  to  certain  of  their  constituents  that  are  analogous 
to  the  peptones,  and  which  have  the  property  by  osmose  of  passing 
through  the  cell  walls. 

276.  Mineral  Matters  necessary  for  the  Growth  of 

Yeast.*— For  his  e.xperiments  on  yeast,  Pasteur  used  yeast  ash  as  the 
source  of  his  mineral  matter.  It  is  obvious  that  this  substance  may  be 
replaced  by  an  artificial  mixture  of  the  salts  contained  tlierein.  A 
reference  to  IMitscherlich’s  analyses  of  yeast  ash  shows  that  the  prin¬ 
cipal  ingredient  is  potassium  phosphate  ;  together  with  this,  there  is 
magnesium  })hosphate  and  small  (juantities  of  phosphate  of  calcium 
Pasteur  finds,  when  an  unweighable  (juantitv  of  yeast  is  sown  in  a  solu¬ 
tion  of  })ure  sugar  and  ammonium  tartrate,  that  development  of  cells 
and  fermentation  do  not  take  place  ;  the  addition  of  yeast  a.sh  enables 
both  to  occur.  Mayer  endeavoured  further  to  ascertain  what  .salts  are, 
in  j)articular,  necessary  among  tho.se  present  in  th(>  ash.  Potassium 
phosphate  is  absolutely  indispensable  ;  neither  sodium  nor  calcium  phos¬ 
phates  are  coiinn'tent  to  re]:>lact‘  it.  IMagnesia  is  also  of  great  value,  if 
not  indispensable,  to  the  developimnit  of  yeast;  this  base  may  be  sup¬ 
plied  either  as  sulphate  or  phosphate.  Lime  seems  not  t(j  be  absolutely 
necessary  to  yeast  growth. 

277.  Insufficiency  of  either  Sugar  or  Nitrogenous  Matter 
only  for  the  nutriment  of  Yeast. — Yeast  is  incai)able  of  healthy 
develoj)ment  in  solutions  of  sugar  alone.  A  limited  growth  occurs 
when  the  ([uantity  of  ytsist  added  is  conside)’al)l(‘,  laa-ause,  by  a  species 
of  cannibalism,  the  healthiiu’  and  stronger  cells  survive  and  develop  to 
some  extent  by  feeding  on  the  nitiogenous  and  mineral  matters  obtained 
from  the  others.  Necessarily,  such  growth  must  soon  stoj).  Yeast  was 
stated  by  Pastcuir  to  multiply  in  a  idtrogrmous  li(|uid,  such  as  y(>ast 
water,  “even  when  there  was  not  a  lrac('  of  sugar  ]>i'es(‘nt,  provided 
alwaj’s  that  atmospheric  o.xygen  is  prc'sent  in  large'  (pianl  itie's.”  Yc'ast 
iinds  air  to  be*  under  thesee  conditions  an  absolute!  ne'e'essity.  Without 
it  nee  eleveleepment  procee'els,  noi’  is  the're  any  but  the-  slighte'st  trace  of 
alcohol  founel  ;  carlion  eliejxiele;  gas  is  eweil ve'el,  be'ing  formed  by  elirect 
carbonisation  of  oxygen  eh'rive'el  freem  the*  air.  Put,  feer  this  change',  it 
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must  Ij(‘  remembered  tluit  air  is  a  necessity.  Assuming  tlie  correctness 
of  Pasteur’s  views  as  to  tlie  ijrowth  of  yeast  l)y  the  assimilation  of 
atmosplieric  oxygen,  and  expiration  of  carbon  dioxide,  it  is  necessaiy 
to  lemembt'r  that  the  conversion  of  oxygen  into  carl)on  flioxicle  gas 
results  in  no  change  of  volume  ;  this  is  cleai'ly  seen  by  reference  to  the 
molecular  e([uatit)n — 

C  +  Oj  =  CD.,. 

Carldin.  Oxyyen.  Cailion  Dioxiile. 

Under  ordinary  conditions  of  fermentation,  albumin  does  not  evolve 
alcohol  or  carbon  dioxide  gas.  Ueither  does  i>epsiu  when  similarly 
treated,  although  this  body  is  well  adapted  as  a  nitrogenous  food  for 
yeast.  All>umin  is  also  unacted  on  when  its  solution  is  tirst  of  all 
mixed  with  a  ’il  per  cent,  solution  of  .sodium  chloilde. 

278.  Behaviour  of  Free  Oxygen  on  Yeast.  -  As  stated  in 

the  ])receding  pai’agraph,  Pasteur  regarded  atmospheric  oxygen  as 
capable  of  acting  as  a  .substitute  for  sugar  in  the  nutriment  of  yeast, 
and  accordingly  he  examined  very  carefull}'  the  geiu'ral  behaviour  of 
fi’ee  o.xygen  and  yeast  to  each  other.  In  conseijuence,  he  developed 
the  following  theory  of  fei'meiitati(m,  whii-h  until  comparativeh’  re¬ 
cently  has  been  generally  acceptisl. 

Pasteur  states,  as  a  result  of  experiment,  that  yeast  gi’ows  better  in 
shallow  than  in  deep  vessels.  As  a  result  of  some  determinations 
made,  in  which  one  samjde  of  A’cast  and  a  .saccharine  solution  were 
kept  in  an  air-free  tiask,  and  another  in  a  shallow  ve.ssel,  by  which 
it  was  freely  ex^josed  to  the  atmosphere,  he  tinds  that  the  proi>ortion  of 
yeast  produced  to  the  sugar  consumed  wiis  much  greater  in  the  latter 
than  in  the  forinei'  instance.  Py  dint  of  most  careful  experiment  he 
further  tinds,  while  a  fermentable  liquid  may  be  made  to  ferment  out  of 
contact  with  aii',  yet  in  order  that  it  shall  do  so  it  is  essential  that 
young  and  vigorous  yea.st  cells  shall  be  employed.  With  older  yeast  the 
fermentation  luoceeds  more  slowly,  and  with  the  production  of  mal- 
shaj)ed  c(dls,  while  a  yeast  still  older  is  al.)solutely  incapable  of  repro¬ 
duction  in  a  li(juid  containing  no  free  oxygen.  This  is  not  due  to  the 
y(‘ast  being  (h>ad,  for  on  a'i'ating  the  liquid,  eitlu'r  with  atmospheric  air 
or  o.xygen,  fermentation  ju'oceeds  apaci'.  Pasteur  tluu’t'fore  concluded 
that  under  favouiable  circumstances  yeast  functions  as  a  fungus  ;  that 
is,  it  lives  liy  direct  absorption  of  oxygen  from  the  air,  and  the  return 
of  carl)on  dioxide  gas.  1 1(!  conse<iuently  assumed  the  following  relation- 
shi})  between  its  life  in  fr('e  oxygen  and  its  life  when  submerged  in  a  sugar 
solution — Jjet  some  veast  Im'  sown  in  a  sample  of  malt  wort,  containing  as 
much  oxygen  as  it  can  possibly  dissolve  ;  theyeast  starts  active  growth, 
and  rapidly  removes  all  the  free'  oxygen  fi'om  tlie  liquid,  ajter  which  it 
commences  to  attack  the  sugar.  During  this  time,  yeast  will  be  lix  ing 
not  as  a  ferment  but  as  a  fungus,  namely,  by  direct  absorption  of  oxygen. 
Could  each  yeast  cell  be  supplied  with  all  the  oxygen  it  reiiuiri's  in  the 
free  form,  it  is  jirobable  that  it  would  not  exert  the  slightest  fermenta¬ 
tive  action  ;  it  would,  at  tlu‘  same  time,  grow  and  reia-oduce  active 
hi'althy  cells  with  great  rajiidity.  As  soon  as  the  whole  of  the  air  is 
exhausted,  the  yeast  attacks  the  sugar,  ami  obtains  its  oxygen  by  the 
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<lecoiiipositiou  of  that  coinpouiul,  and  ordinary  fcrnnnitatiou  i)rocepd,s. 
Consocpiently,  yeast  must  l)e  viewed  as  bein-.-  capal)le  of  two  distinct 
modes  of  existence,  in  free  oxygen  as  a  fungus  ;  when  submerged  in  a 
saccliarine  solution,  as  a  ferment.  Of  tlie  two  tlie  fungus  life  is  the 
easiest  ;  that  is,  yeast  can  perform  its  vita!  functions'’  more  readily 
when  it  obtains  its  oxygen  in  the  free  state  than  when  it  has  for  that 
purpose  to  eilect  the  decomposition  of  large  quantities  of  sufair  If 
yeast  be  grown  continuously  in  saccharine  solutions,  under  conditions 
Minch  result  in  the  rigid  exclusion  of  aii-,  fermentation  becomes  more 
and  more  sluggish  ;  the  conditions  of  life  are  in  fact  more  severe  than 
the  yeast  can  stand,  the  struggle  for  existence  is  too  acute,  and  its 
Aitaht}’  succumbs.  But  if  a  sample  of  fermenting  wort  be  taken  at  a 
time  when,  although  the  sugar  is  far  from  exhausted,  the  fermentation 
has  becoine  sluggish,  and  then  thoroughly  au-ated  by  some  means 
Minch  shall  In-ing  it  into  full  contact  Mutli  air,  a  remarkable  cham^e 
ensues.  At  first  the  fermentation  slackens,  but  the  rate  of  groM'th  of 
yeast  increases  ;  this  is  due  to  its  living  as  a  fungus  on  the  dissolved 
tree  o.xygen.  During  this  time  it  exerts  little  action  as  a  ferment  but 
grows  and  accumulates  vital  energy.  After  a  while,  the  fermentation 
proceeds  much  more  vigorously  than  before  the  leration  ;  this  is  a  neces¬ 
sary  result  of  the  renewed  energy  and  vitality  of  the  yeast  cells. 

ihat  oxygen  is  capable  of  acting  in  some  way  as  a  stimulant  to 
fermentation  M-as  known  to  brewers  long  before  the  announceinent  of 
this  theory  by  Pasteur,  as  they  had  found  that  by  “  rousing  ”  (stirrin<--) 
tuns  of  wort  that  were  fermenting  sluggishly,  the  fei'inentation  was  jn- 
Mgoiated.  The  agitation  following  from  this  rousing  mrated  the  wort. 

to  liorrow  his  own  words,  Pasteur  summed  up'  his  theory  of  fer- 
meiitatioii  in  the  following  terms  Fermentation  I.y  yeast  is  the 
^  meet  consequence  of  the  processes  of  nutrition,  assimilation,  and  life, 
when  these  are  carried  on  Muthout  the  agency  of  free  oxy-en 
fermentation  by  means  of  yea.st  appears,  therefore,  to  be  essentially 
‘  the,  proi.erty  possessed  by  this  minute  cellular  iilant  of 
I  ttorming  its  respiratory  functions,  somehow  or  other,  with  o\y.ven 
existing  combined  in  sugar.  Its  fermentative  power  varies  considendily 
W  greatest  and  least  po.ssible  acce.ss  to 

process  of  nutrition  If  M’e 
•  pp  y  It  with  a  suflicient  cpiantity  of  free  oxygen  for  the  necessities  of 

it  u  r  combustions,  in  other  words,  if  wc'  cause 

be  ?  fo*'  ’'^  7  ^  f  l"'‘'l'e>'ly  «o  called,  it  ceases  to 

ilevelr,  !  ’''“tween  tlu^  weight  of  the  plant 

food  i  'u'*  ^  '’'“''''"'Pesed,  which  foims  its  principal 

hand  -f"''"'';"'  that  in  the  case  of  fungi.  On  the  other 

air  wi-re  ,  '’'‘l"’''’ed  of  free  o.xygen,  it  will  multiply  jinst  as  if 

cir  ■  t  '  charactm-  will  be  most  marke.l  ;  under  these 

tind  the  greatest  disproportion,  all 
and  the  w/i  "“'"g  the  same,  betM-een  tla*  weight  of  yeast  formed 

varvh  '^n  "  l-«tly,  if  fcee  oxyen  occur  in 

}  «  1  antities,  the  terment  power  of  the  yeast  may  pass  through  all 
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tlio  (legrcos  L-oiiijireliendcd  between  tlie  two  extreme  Hunts  of  which  we 
have  spoken.”  Accoi’dinif  to  tliis  view,  fermentation  is  a  .starvation 
])henonienon,  ])rou,<,dit  about  by  the  want  of  free  oxygen  dining  tlie  life 
of  yeast  cells  in  a  ferini'iitable  li(iuid. 

279.  Brown  on  Influence  of  Oxygen  on  Fermentation. 

— In  IdOll,  Adrian  J.  I’rown  contriliuted  an  important  paper  on  tliis 
subject  to  tlie  Journal  of  the  (.'hemical  Socii'ty,  which  pajier  ni'cessitates 
a  re-considei'ation  of  the  theory  of  fernuuitation.  In  his  experiments, 
Jlrown  emplo\’ed  the  method  of  counting  the  yeast  cells  in  his  \aiious 
solutions,  by  means  of  the  lucmatimetm-,  instead  of  weighing  the  yeast, 
as  had  been  doiu'  by  Pasteur  in  his  \  ariou.s  researches.  This  method 
of  working  has  the  ad\antage  that  the  residts  are  capablt*  of  being 
referred  to  the  amount  of  eliect  being  produced  by  the  action  of  an 
unit  cell. 

Prown’s  lirst  conclusions  were  that  “when  any  fermentable  nutritive 
.solution,  such  as  malt  wort,  or  a  .solution  of  dextrose  in  yeast  water,  is 
inoculated  with  a  high  fermentation  yeast,  and  keiit  at  a  tempei'atuo" 
favourable  to  yeast  growth,  the  cells  reproduci'  themselves  rapidly  for 
a  time,  and  then  their  reproduction  ceases,  and  that  tlu'  fermentation 
of  the  solution  may  still  be  carried  on  by  tin'  lontinued  life  of  tin'  cells 
alr(*ady  formed.”  Further,  he  found  that  with  the  same  licjuid,  under 
the  same  conditions,  the  cells  increase  to  about  th('  same  maximum,  no 
inattei'  how  tin*  number  of  cells  introduced  to  start  the  fermentation 
may  vary.  In  sujiport  of  this  view,  the  following  exjierinumt  is  (pioted 
— Two  ilasks,  A  and  I>,  wm'e  taken,  and  in  each  IbU  c.c.  of  the  same 
malt  wort  was  jilaced,  and  then  a  ditierimt  amount  of  the  same  yeast 
added  to  each.  The  contmits  of  the  Ilasks  were  thoroughly  agitat<'d, 
and  the  cells  counted  by  the  lucmatimetm'.  (The  standard  volume  of 
the  instrument  employed  was  4^,7,-)'  L'ubic  millimetre,  called  hereafter 
“Standard  Volume.”)  The  Ilasks  A  and  I!  contained  resjiectively 
0  and  7  44  cells  per  standard  volume.  The  Ilasks  were  kejit  at  2b 
C.  until  feiiiientation  had  completely  ceased,  when  the  cells  were  again 
counted.  In  tlask  A  the  number  of  cells  ]ier  standard  \olume  had 
increased  from  O'Db  to  •Jb'24  ;  whei'eas  in  ilask  I!  th(>  increase  was 
friun  7  44  to  27'()S.  The  i-ate  of  increase  dill'ered  widely,  hut  the 
ultimate  number  of  cells  ]iroduced  was  approximately  tlu*  same.  From 
these  and  a  number  of  other  similar  expei'iments,  tlu‘  conclusion  is 
drawn  that  in  such  fei-mentations  the  number  of  yeast  cells  increases 
to  SOUK;  llxed  maximum,  irrespectii’e  of  the  number  originally  added  to 
induce  fermentation. 

The  next  point  was  to  exjieriment  by  adding  more  cells  than  this 
maximum  number,  two  similar  Ilasks  of  malt  wort  wert'  respect it'cly 
seeded  with  ll'b  and  7U'S  cells  of  yeast  per  standard  volume.  Fermenta¬ 
tion  was  allowed  to  proceed,  and,  at  its  clos(>,  in  No.  1  Ilask  the  I'clls 
had  increased  from  (i'U  to  2 1 '!),  while  in  No.  2  they  had  decreased 
from  7U'8  to  ()8'2  cells.  In  this  expeiiment  24''.t  cells  may  be  regarded 
as  the  maximum  number  that  the  wort  used  would  grow,  con.se(]Uently 
with  No  2  Ilask  there  is  no  increase.  Frown  regards  the  actual  diiiiinu 
t.ion  as  due  to  t  he  deat  h  and  disinti'grat  ion  of  some  of  the  cells.  In 
the  second  Ilask  as  well  as  the  lirst,  fermentation  proceeded  with  great- 
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rapidity.  Otlier  expcriinoiits  iiiiule  yicddcd  the  sanip  re.sidts  ;  tlipreddre, 
if  a  nutritive  liipiid  l)e  seeded  rvitli  a  consideraldv  lancer  jinnd)ei-  of 
yeast  oelKs  than  the  niaxiinnin  nuinlier  it  is  eapahle  of  producinic  hv 
reproduction,  fermentation  proceeds,  and  a  inetliotl  is  attbrde(i  df 
studyin<r  fermentation  witliout  multiplication  of  yeast  cells.  Havimr, 
throui^luait  tin'  experiment,  the  yeast  a  constant  (piantity  eviihmtly 
eliminates  man}-  disturbing  factors  })resent  when  the  quantity  of  yeast 
is  variable. 

Jtrown  in  the  first  place  applied  this  method  to  the  investigation  of 
the  action  of  oxygen  on  yeast.  A  malt  woi't  of  10^;")  sp.  gr.  was  taken, 
and  yeast  added  to  the  extent  of  S-")  cidls  per  standard  volume.  I'JO 
c.c.  of  this  .solution  were  ])oured  into  a  llask.  A,  so  as  to  nearly  till  it; 
its  mouth  was  then  stopped  in  such  a  manner  as  to  permit  the  escape 
of  carbon  dioxide  gas,  but  to  ])revent  air  gaining  access  to  the  solution. 
Il’O  c.c.  of  the  same  solution  were  also  placetl  in  another  tlask.  It,  of 
abt)ut  loUO  c.c.  ca])acity,  so  that  it  simply  formecl  ji.  thin  layer  on  the 
Ijottom  ;  this  tlask  was  so  arranged  as  to  permit  a  current  of  air  being 
drawn  through  the  licjuid.  Jtoth  llasks  were  thus  similar,  except  that 
from  the  one  air  was  e.xcluded,  while  the  contents  of  the  other  were 
subjected  to  abundant  a-ration.  The  fermentation  was  conducted  at 
19  ,  and,  after  the  end  of  three  hours,  arrested  by  the  addition  of 
salicylic  acid.  The  liquids  were  distilled,  and  the  amount  of  alcohol 
produced  estimated  from  the  specific  gravity  of  the  distillate.  In  A, 
tlask,  without  au'ation,  .'TlTo  grams  of  alcohol  had  been  formed  ;  while  in 
15,  througli  which  a  ct)ntinuous  current  of  air  had  been  drawn,  the  alcohol 
amounted  to  .‘ToG  grams.  The  numbm-  of  yeast  cells  remained  unaltered 
at  the  close'  of  the  experiment,  but  slight  attempts  at  abortive  budding 
were  oliservable,  particularly  in  the  a'rated  tlask.  Another  ('X])eriment 
was  tried,  in  which  the  fermentable  medium  was  a  solution  of  dextrose 
in  yeast-water,  Avhich  was  seeded  with  90  cells  per  standai'd  V(jlume. 
At  the  end  of  three  hours,  feirnentation  was  arrested,  and  the  residual 
sugar  in  the  solutions  determined  polaiimetrically.  In  A  (umerated) 
T9G  grams  of  de.xtrose  had  been  fernu'nted  ;  while  in  11  (a'i'ated)  the 
<]uantity  of  fernu'iitefl  fle.xtrose  was  'i'.’lli  grams.  In  neither  case  was 
there  any  sign  of  budding  oi'  enlaigement  of  the  cells. 

In  oivler  to  meet  the  objection  that  the  mechanical  ell'ect  of  a'ration 
niight  stimulate  the  action  of  the  cells  in  the  15  flasks,  the  following 
pairs  of  expeiiments  wei’(*  made  in  which  the  A  flasks  wei'e  subjected 
to  the  action  of  currents  of  carbon  dio.xide  and  hydrog('n  respectively, 
and  at  about  the  same  rates  as  tlni  air  througii  tin*  15  flasks.  The 
following  were  the  I'esults  - 

“A”  flask,  with  carbon  dicjxiih*  pasui'd,  .’f-OO  grams  of  dextrose  fermented. 
Companion  15  flask,  with  air  passed,  f'-JS  ., 

“A”  flask,  with  hydrogen  passed,  2‘2G  ,,  ,, 

Companion  15  flask,  with  air  jia.ssed,  ’l  AT)  „ 

In  (!\’ery  case*  tin*  most  work  is  done  in  the  pi’esence  f'f  oxygt'ii. 

In  all  th(!  pr('c(*ding  expeidments,  as  the  conse(|U(‘nce  of  tin'  enqtloy- 
ment  of  large  (|uantiti{'S  of  yeast,  h'rmentation  pi'oceeded  v<‘ry  rajiidly  ; 
in  order  to  watch  the  residts  umlei'  slower  conditions,  experiments  wc'ic 
mafic  with  termentatif)n  at  a  low  tcmperatui'e,  7°  C.  (  l-Tfi"  k. ),  and 
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were  continued  for  24  hours.  Tlir(ni,i,di  A  flask  liydrof^en  liad  been 
passed,  and  4'882  grains  of  dextrose  had  been  fermented  ;  wliile  in  B 
flask,  through  which  air  had  been  passed,  the  quantity  was  r)'289  grams. 
During  the  24  hours  190  litres  of  air  had  been  passed  through  B  flask. 
Tn  none  of  the  preceding  experiments  was  there  any  multiplication  of 
yeast. 

These  results  are  in  striking  contradiction  to  the  views  of  Pa.steur, 
who  aiiirms  that  in  the  presence  of  excess  of  oxygen  fermentation 
practically  ceases.  Brown,  on  the  contrary,  finds  uniformly  that 
in  the  presence  of  oxygen  fermentation  is  more  vigorous  than 
in  its  absence. 

As  Pasteur's  results  were  oiitained  by  weighing  yeast.  Brown  in  one 
e.xperiment  weighed  as  well  as  counted  his  yeast.  At  the  commencement 
there  were  in  each  flask  87‘G  cells  jier  standard  volume,  and  in  100  c.c. 
1’903  grams  of  filtered,  washed,  and  dried  yeast.  Fermentation  resulted 
in  the  destruction  of  G'20  grams  of  dextrose  in  the  hydrogen  flask,  and 
7'38  grams  in  the  air  flask.  No  increase  in  the  number  of  cells  had 
occurred,  but  the  weights  of  yeast,  treated  as  before,  were  respectively 
from  hydrogen  flask  2T30  grams,  and  air  fla.sk  2‘OGO  grams.  In  both 
cases  there  is  a  slight  increase  in  weight,  due  probably  to  assimilation 
by  each  individual  cell,  but  in  both  ca.ses  at  the  finish  of  the  fermenta¬ 
tion  we  have  almost  exactly  the  same  7veight  of  yeast,  as  well  as  the  same 
number  of  cells.  Hence  equal  amounts  of  yeast,  whether  determined 
by  weighing  or  counting,  ferment  rather  moi'e  sugar  when  supplietl  with 
air  than  when  deprived  of  it 

Another  important  experiment  proceeded  on  difl’erent  lines.  The 
object  was  to  (letermine  the  rate  of  multiplication  of  cells,  and,  at  the 
same  time,  the  rapidity  of  fermentation.  8ix  similar  flasks  of  dextrose 
in  yeast-water  were  taken,  and  each  seeded  with  O'G.o  yeast  cells  ])er 
standai'd  volume.  All  were  allowed  to  ferment  under  similar  conditions. 
At  intervals,  one  of  the  flasks  was  taken  anil  the  numlier  of  yeast  cells 
found,  and  the  quantity  of  alcohol  jiroduced  determined,  with  the 
following  results  : — 
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It  Avill  1)6  noticed  tliat  tlie  number  of  cells  increases  riii>i(lly  in  tlie 
earlier  stai^es  of  fermentation,  and  that  also  the  jiroportion  of  alcohol 
produced  by  each  single  cell  is  greatest  during  the  tirst  twelve  hours. 
This  is  contrary  to  general  views  that  fermentation  is  slower  during 
the  more  rapid  multiplication  stage  of  the  development  of  yeast, 
an  etlect  which  was  supposed  to  be  a  result  of  oxygen  in  the  litpiid, 
which,  while  aiding  the  reproduction  of  the  cells,  at  the  same  time 
limited  their  fermentative  ijower.  Brown's  experiments  contradict  this 
theory. 

In  a  further  paper  communicated  to  the  Chemical  Society  in  IS94, 
A.  J.  Brown  devotes  himself  to  a  critical  examination  of  Pasteur’s 
theory  ;  of  which  criticism  the  following  is  a  brief  outline  : — Pasteur, 
as  i)reviously  explained,  compared  tlie  fermentative  power  of  yenst  cells 
under  varying  conditions  of  leration,  and  arrived  at  the  conclusion  that 
when  leration  is  perfect,  feiinentative  power  ceases,  and  when  au-ation 
is  reduced,  fermentative  power  increases.  The  type  of  experiment 
used  for  this  purpose  was  that  of  determining,  under  varying  conditions 
of  leration,  the  proportion  of  the  weight  of  the  yeast  formed  to  the 
weight  of  sugar  fermented.  This  ratio  of  yeast  to  sugar  is,  Pasteur 
considers,  an  expression  of  fermentative  power.  If,  as  Pasteur  argued, 
the  amount  of  yeast  formed  during  fermentation  were  in  dii-ect  pro¬ 
portion  to  the  sugar  fermented,  the  ratio  of  yeast  to  sugar  would  re¬ 
main  constant,  however  much  or  little  sugar  were  available.  Brown 
contends  that  his  experiments  show  conclusively  that  such  is  not  the 
case,  there  being  no  direct  proportion  between  weight  of  yeast  formed 
and  sugar  fermented.  In  order  to  show  that  the  total  fermentative 
jiower  of  yeast  has  not  been  measured  in  Pasteur’s  experiments,  a 
fermentation  was  carried  on  under  a*robic  conditions  until  tlu'  sugar 
originally  present  was  decomposed.  Afterwards,  using  the  princi[)le  of 
overcrowding  as  a  means  of  preventing  reproduction,  the  crowded  cells 
were  feil  with  more  sugar.  Feeding  was  carried  on  at  intervals  until 
three  times  the  original  weight  of  sugar  had  been  thus  fermenti'd,  but 
no  increase  in  the  weight  of  yeast  had  occurred.  In  Brown’s  opinion, 
Pasteur’s  apparent  deticiency  in  fermentative  power  was  due  to  the 
employment  of  a  limited  amount  of  sugar  in  the  experiment.  Brown 
objects  to  Pasteui's  au'obic  e.xperiments  in  shallow  dishes,  because  they 
'veie  allowed  to  continue  but  a  limited  time,  and  therefore  a  time 
factor  is  introduceil  :  further,  cane-sugar  was  used  as  the  fermentable 
material,  and  consecpumtly  the  results  were  comjilicated  by  tin'  hydro¬ 
lytic  functions  of  the  yeast  having  to  precede  fermentation.  Pasteur’s 
measure  of  fel■mentati^■e  power  in  the  exjieriments  refei'red  to  is  an 
expression  of  the  action  of  the  inversion  and  feiinentative  functions  in 
a  limited  tune.  Brown  concliuh's  liy  submitting,  in  place  of  Pasteur’s 
theory  that  fermentation  is  "*  life  without  air,”  the  hyimthesis  that 
‘  yeast  cells  can  use  oxygen  in  the  manner  of  ordinary 
aerobic  fungi,  and  probably  require  it  for  the  full  completion 
of  their  life-history  ;  but  the  exhibition  of  their  fermentative 
functions  is  independent  of  their  environment  with  regard 
to  free  oxygen.”  Xothiug  in  the  results  of  any  of  Pasteur's  (‘xperi- 
meiits  arc  contradictory  to  such  an  hvi)othesis. 
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230.  Mal-Nutrition  of  Yeast.  -Wlien  yoast  is  flpja-ivecl  of  a 
normal  projiortion  of  paoli  of  the  iipcessaiy  constitiipiits  foi'  its  healthy 
life,  the  vitality  of  tlu'  cells  is  tln'i-eby  lessened.  One  result  of  this  is 
that  the  cells  tend  to  assume  abnormal  forms.  Thus,  when  ifi-own 
without  accc'.ss  of  free  oxy,u:en,  yeast  cells  elon<,oite,  and  at  times  are 
ol)sei'ved  to  be  se\'ei-al  times  as  lonu;  as  broad  (sausage-shaped).  Tin* 
same  peculiarity  of  outline  may  be  noticed  in  yeast  that  has  been  grown 
in  sweetened  water.  The  reason  may  be  that,  with  a  deficient  suj)ply  of 
nutriment,  each  cell  stretches  itself  out,  as  it  were,  in  order  to  expose 
as  great  a  surface  as  possible  to  the  medium.  Tt  is  well  known  that  the 
area  of  surface  of  a  sphere  is  less  in  ])i'oportion  to  its  cubical  contents 
than  is  that  of  a  cylindei'  or  of  any  otlu'r  solid  body.  ]>y  offering  a 
greater  surface  to  the  li  juid  in  which  it  is  growing,  the  yeast  cell  pre- 
sumabh"  is  enabled  to  absorb  a  greater  amount  of  nuti’iment.  In 
breweries  wlu're  sugar  is  largely  used  as  a  substitute  for  malt  the  yeast 
suffers  from  the  low  pei'centage  of  nitrf)genous  matters  contaim'd  in  the 
w'ort  :  the  result  is  that  such  yeast  has  little  vitality  and  is  soon  ex- 
liausted. 

Large  quantities  of  mineral  salts  also  atiect  the  shape  of  the  yeasd 
cell  ;  thus,  the  yeast  of  Lui'ton  ale  is  oval  (egg-shaped)  in  outline  :  the 
llurton  wat(‘r  is  extremely  hard,  containing  calcium  suljthate  in  large 
(juantities. 

liaclly  nourished  yeast,  on  examination,  is  usually  found  to  have 
abnormally  thin  and  fragile  cell  walls,  these  being  broken  by  the 
slightest  pressui'P  ;  the  contents  of  the  cadis  are  also  thiii  and  watfuy, 
instead  of  full  of  healthy  granulations  of  gelatinous  proto^dasm. 

281.  Sporular  Reproduction  of  Yeast.  In  addition  to  the 

budding  juocess  alr(>ady  desci  ilied,  ytnist  also  i-ejiroduces,  when  deprived 
of  all  nourishment,  by  the  formation  of  spoies  within  the  cell.  To 
observe  this  effect,  prepare  first  a  block  of  plaster  of  Laris  by  taking 
soiiH'  of  the  ]iowder,  rapidly  making  it  into  a  thin  ])aste,  and  then 
pouidng  sanu'  into  a  cai’dboard  mould.  Let  it  set,  and  then  strip  away 
the  cardboard.  Smear  on  the  f hin  suid'ace  of  the  plnst(‘r  a  little  pressed 
yeast  which  has  b(>en  pi-eviously  washed  in  distilled  watei'.  Llace  tin' 
blo(dv  with  yeast  face  ujiwards  in  a  shallow  dish,  and  ))our  in  watei' 
until  its  surfaci'  is  just  a  little  below  that  of  the  yeast.  Cover  it  over 
with  a  glass  shade  to  k(*cp  out  dust,  iVc.,  and  stand  in  a  warm  plact' 
(about  'JO—  gb")  (J.).  Kach  day  remove  a  little  and  examine  under  th(‘ 
microscojie  ;  after  a  few  davs  some  of  tlu*  cells  will  show  densiu'  masses 
of  jirotoplasm  aggregated  around  from  two  to  four  points.  'Ihtxse 
gradually  grow,  and  at  last  occupy  the  whole  of  the  intiu'ior  of  the  cell. 
'I'hey  become  coated  with  cell  envelopes,  and  then  constitute  ascosjiores. 
The  walls  of  the  a.scus  or  niother-eell  after  a  tinu*  disappear,  and  the 
liberated  spores  |(erform  the  functions  of  yeast,  indueing  fermentation, 
and  reproducing  by  the  ordinary  mode  of  budding.  Among  the  con¬ 
ditions  necessary  for  sjiort*  formation  are  young  and  vigorous  I'clls, 
comparative  ab.se.nce  of  nutriment,  anil  a  fairly  warm  temperature 
'The  speed  of  spore  formation  is  greatly  inlluenced  by  tlu'  latter  con¬ 
dition;  wit  hin  certain  limits  increase  of  l('m])erature  quickens  the  forma- 
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tioii  of  sporos.  This  is  also  torniocl  iiuiltiplication  by  endogenous  divi¬ 
sion.  Cells  containing  ascospores 
an*  shown  in  Fiyma*  10,  which  )•(*- 
presents  the  first  stayes  of  dcveloj)- 
inent  of  the  sporc's  of  ^S’.  Cerevisicr 
I.,  after  Hansen  ;  n,  r,  d,  c  con¬ 
tain  rudiments  of  s])ni-es,  with  tin* 
walls  not  yet  distinct  ;  /,  y,  //,  /  are 
coin})letely  developed  sjMjres  wiih 
di.stinct  walls. 

282.  Substances  inimical  to  Alcoholic  Fermentation. — 

Dumas  has  carefully  investigated  the  action  of  foreign  sub.stances  on 
alcoholic  fermentation  ;  Schiitzenl«*rger  quotes  larg(*ly  from  his  results  ; 
the  following  data  obtained  by  Dumas  arc*  taken  from  the  English  trans¬ 
lation  of  Schiitzenberger’s  work.  In  the  first  j)l;ice,  a  seri(*s  may  be 
given  of  those  bodies  which  retai’d,  and  when  in  sulHcient  (piantity 
absolutely  arrest,  fermentation.  These  include  the  mineral  acids  and 
alkalies  (phosphoric  acid  e.xcepted),  soluble  silver,  ii'on,  copper,  and 
lead  salts  ;  free  chlorine,  broinim*  and  iodine,  alkaline  sul])hites,  and 
bisulphites  of  the  alkaline  earths,  manganese  pero.xide  ;  essences  of 
mustard,  lemon,  and  tui'})entine  ;  tannin,  carbolic  acid  (phenol),  creasote, 
salicylic  acid  ;  sugai*  in  excess,  alcohol  when  its  sti-ength  is  over  20  per 
cent.  ;  and  hydrocyanic  and  oxalic  acids,  even  in  small  (juantities. 
Phosphoric  and  arsenious  acids  are  inactive.  Sulphur  has  no  effect  on 
fei'inentation,  but  the  carbon  dioxide  gas  evolved  contains  from  one  to 
two  i)er  cent,  of  suliihui'etted  hydrogen. 

As  may  be  gathered  from  the  statement  of  the  chemical  changes 
produced  bv  yeast,  that  substance  gives  always  a  moi'e  or  less  acid 
i’eacti(jn.  I)umas  states  that  this  acidity  r(*(|uires,  foi*  its  neutralisation, 
alkali,  ecjuivalent  to  O'OO-'?  grams  of  noi’inal  sulphuiic  acid  ja*!’  gram  of 
yeast.  In  his  experiments  he  added  vai'ious  acids  to  yeast  in  ]iroportions 
of  from  one  to  a  hundred  times  the*  noiinal  acid  of  the  yeast.  In  this 
manner  wer(!  deteianined  the  i-etarding  or  other  action  of  the  various 
acids  on  fermentation.  (Similar  expeilnients  w('i'e  made  with  bases,  and 
also  salts;  with  the  lattei-,  saturatetl  solutions  were  first  made  ;  the  yeast 
was  allowed  to  .soak  in  these  for  three*  days,  and  then  its  f(*rm(*nting 
power  tested  by  its  action  on  pui'e  sugar.  Dumas  divided  tine  .salts  into 
four  giT)uj)S.  First,  those  und(*r  whose  iidhu'iice*  the  fermentation  of 
the  sugar  is  (*ntir(*,  and  moi’c  oi*  less  i-apid  ;  second,  thosee  which  pt*iniit 
pai’tial  but  more*  eu*  less  retareled  fe*i-nie*ntatie)U  ;  thirel,  those*  which  ])er- 
mit  the  sugar  tee  be  men-e*  en-  le*ss  changeel,  but  witheait  fe*rmentation  ; 
feeurth,  theese*  that  pre*vent  both  change*  and  fe*i'me*ntatie)n.  Alum  is 
pl;ice*el  in  tlm  lii-st  eif  th(*.se  cla.sse's,  beera.x  in  the*  se'ceend,  anel  seeelium 
chloriele*  (salt)  in  thee  thirel.  (Strychnine  has  no  eire*ct  on  the*  ])rope“rt ie*s 
of  ye*ast.  f'en*  a  el(*taileel  account  of  Jtumas’  re'sults  the*  stutle*nt  is 
re*fei  re*d  to  (Schiitze*nl)e*i'ger’.s  work. 

283.  Isolation  of  Yeast  and  other  Organisms.— As  a  pie* 
liminai-y  to  the  stuely  eef  \arie*ties  eif  ye’ast,  it  is  alesolute'ly  ne*e*e*ssaiy  tee 
just  have*  seime  means  of  se*parating  anel  greewing  e*ae'h  \;irie'ty  in  a 
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state  of  absolute  purity.  Pasteur  did  an  enoi'inous  auiouiit  of  work  in 
tliis  direction  ;  but  tiie  crucial  point  in  all  such  investigations  as  these 
is  the  purity  or  otherwise  of  the  yeast  used  to  commence  the  experi¬ 
ment  ;  in  all  Pasteur's  researches  he  used  an 
ajiparatus  which  afforded  most  excellent  means 
for  the  prevention  of  the  incursion  of  foreign 
germs  during  his  growth  ;  but  he  does  not 
give  us  an  absolutely  (ertain  method  of  ob¬ 
taining  a  perfectly  pure  yeast  to  start  with. 
In  flasks  of  special  construction,  well  known 
as  “Pasteur’s  Flasks”  (Figure  11),  Pas¬ 
teur  introduces  wort,  then  sterilises  the  same 
by  boiling  it,  and  afterwards  sows  therein 
a  small  (juantity  of  the  yeast  he  wishes  to 
cultivate  in  the  jaire  state.  The  Pasteur’s 
Flasks  have*  a  long  narrow  neck,  which,  as 
shown  in  the  illustration,  is  bent  twice  on  it¬ 
self,  the  end  being  stopped  with  a  plug  of 
FIG.  II.  “  Pasteur’s  cotton  wool.  In  addition,  there  is  a  side 

tubulure,  stopped  with  india  rubber  tubing 
and  a  glass  l>lug.  The  wort  is  introduced  through  the  side  tube,  and 
when  boiled  the  steam  escapes  through  the  bent  tube.  On  cooliii'jf, 
the  air  which  ent(*rs  is  sterilised  by  filtration  through  the  cotton  wool. 
Ihe  yea.st  is  sown  during  a  momentary  lemoval  of  the  glass  i>lug.  On 
the  completion  of  this  fermentation,  a  little  of  the  new  growth  of  yeast 
is  taken  and  transferred  with  all  due  precautions  to  a  second  Pasteur’s 
Flask  of  sterilised  wort,  and  there  again  fermented.  The  yeast  was 
grown  in  this  way  again  and  again,  until  the  experimenter  was  of  opinion 
that  the  pr(*ponderating  jirowth  of  the  yeast  would  have  crowded  out  of 
existence  any  foieign  germs.  To  further  aid  in  accomplishing  this  object, 
Pasteui'  also  introduced  in  his  growth-flasks  some  substances  inimical  to 
the  organisms  h(^  wished  to  exclude,  or  else  worked  at  a  tmnperature 
specially  fa\'ourabl(*  to  the  particular  organism  whose  growth  he  desii'ed 
to  favour.  'J'he  yeast  obtained  in  this  manner  he  teinis  ])ure  yeast  ; 
undoubtedly  this  may  be  ])ossibh‘,  and  in  many  experiments  was  probably 
the  case  ;  but  it  is  lu'vei-theh'ss  only  a  possibility  we  have  to  dt*al  with, 
for  the  g(‘rms  of  foreign  oi-ganisms  may  not  be  i-eally  dead,  but  only 
pi’csmit  in  smaller  ([uantity  and  in  a  weakaa-  condition.  iVloia*  rt'cent 
investigators  have  described  methods  by  which  it  is  possibh' to  cultivate 
and  develop  the  growth  of  yixist  from  oih'  single  isolated  cidl  ;  in  this 
manner  gi\'ing  tlu'  surest  guarantee  of  the  actual  purity  of  the  yeast 
1)10(1  need. 

A  first  step  in  this  dirt'ction  is  th(‘  adoption  of  what  is  known  as 
“  Nicgeli’s  hilution  INbdhod,”  which  is  based  on  diluting  down  the  li(iuid 
und(‘r  examination  until  a  single  drop  will,  on  the  average',  contain  but 
one  organism.  This  niiiy  be  iiccomplisln'd  in  the  case' of  yeast  by  talving 
a  drop  of  the  mixture  of  ye:ist  and  water,  diluting  it  down  consich'rably 
with  water  previously  sterilisi'd  by  boiling,  until  the  numbe'r  of  ct'lls 
present  in  :i  drop  can  be  counted  undei'  the  microscope.  If  tlu'se'  are 
estimated,  for  instance,  to  be  aljout  one  hundred,  then  this  liipiid  is 
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furtlier  (liluted  to  a  luiiulrod  times  its  volume.  Every  pi-ecjuitioii  mu.st 
1)0  taken  to  sterilise  all  ve.ssels  and  li(|uids  used  in  tlie  o})eration.  Each 
drop  of  this  ultimate  diIutio?i  of  yeast  should  contain  one  cell  oid}'. 
Ten  droj)s  are  then  placed  in  20  c.c.  of  sterili.sed  water,  and  thorou,i;hly 
agitat(‘d.  One  c.c.  is  then  i)laced  in  each  of  20  separate  tlasks  containin.i^ 
culture  thud,  which  ma}',  for  e.xample,  be  steriliscal  wort.  The  proba¬ 
bility  is  that  ten  out  of  the  twent}'  tla.sks  will  contain  but  one  oro-anism 
only,  the  others  remaining  unimpregnated.  Eut  hen'  again  it  is  oidy 
a  balance  of  probal)ilities,  and  no  certain  inferences  may  l)e  drawn. 
Hansen  proceeded  a  .step  further  by  showing  that,  if  the  inoculated 
tlasks  are  vigorou.sly  shaken,  and  then  allowed  to  stand,  the  yeast  cells 
will  sink  to  the  bottom  and  attach  themselves  to  the  sides  of  the  flask. 
If  more  than  one  cell  be  present,  the  probabilities  are  that  they  will  lie 
on  tlie  bottom  some  distance  ai)art.  After  some  days  tin!  flask  is  raised 
carefully,  and  each  yeast  cell  will  be  tin*  centre  of  a  small  white  speck 
visible  to  the  naked  eye,  and  consisting  of  a  colony  of  yeast.  If  only- 
one  such  speck  be  found,  the  flask  contains  a  pure  culture 
from  one  cell  only.  Subsequent  cultivation  may  proceed  on  the  lines 
laid  down  bj’  Pasteur. 

Koch,  in  his  e.xperiments  on  Bacitria  (certain  minute  organisms  to 
be  hereafter  described),  u.sed  specially  prepared  gelatin  as  a  cultivating 
medium.  The  material  was  mixed  with  water  until  it  acquired  such  a 
consistency  as  to  .set,  when  cold,  into  a  jelly,  which  became  fluid  at  a 
temperature  of  35°  C.  Fen*  a  cultivation  experiment  .some  of  the  gelatin 
is  melted,  a  few  of  the  bacteria  are  taken  out  on  the  point  of  aHeedle 
and  added  to  the  gelatin.  They  are  then  ditfused  by  shaking  up  the 
mixture,  which  is  next  poured  out  upon  a  flat  surface  ])rop(*i-ly  protected. 
After  some  hours,  a  separate  and  pure  culture  is  obtained  from  each 
single  bacterium  present.  On  taking  a  nnnute  particle  from  one  of  these 
little  culture  sjjots,  and  again  sowing  it  in  gelatin,  a  single  species  cjf 
bacterium  obtained.  It  was  by  expi'riments  based  on  this  pi-inciple, 
but  carried  out  with  mo.st  special  precaution.s,  that  Koch  i.solated  and 
exhaustively  studied  the  Comma  Bacit/us”  of  cholera,  so  inseparably 
associated  with  his  name. 

^  Hansen  modified  this  method  for  yea.st  culture,  using,  instead  of 
Koch’s  nutrient  gelatin  (which  consisted  usually  of  ineat  broth  and 
gelatin),  a  mixtui'e  of  hopped  W(jrt  and  gelatin.  In  a  bright  hopped 
woit  of  about  105)s  gravity  is  dissolved  from  — 10  per  cent  of  gelatin, 
the  (juantity  bidng  regulati-d  so  as  to  cause  tlui  mi.xturi*  to  “set”  at 
being  solid  below,  and  liquid  above  those  temperaturi's. 
rids  mixture  mu.st,  of  course*,  be  thoroughly  sti'rilised.  Some  of  the 
jeast  which  it  is  desired  to  cultivate  is  first  diluted  down  by  the 
Ka'geli  inethod  until  of  a  conve'iiient  degree  of  dilution.  This  must  bi* 
ascertained  by  e.xperience  :  a  drop  of  this  solution  is  ne.xt  taken  bv 
means  of  a  sterilised  j)iece  of  platinum  wire,  and  transfen-ed,  wire  anil 
all,  to  a  flask  containing  some  of  the  ti-eated  gelatin  pri'paration.  '.riiis 
is  agitated,  so  as  to  to  secure  thorough  mixture,  but  at  the  same  tinu' 
the  i»roduction  of  froth  must  be  avoided.  A  drop  of  this  gelatin  is 
taken  out  and  c.xamined  microscopically  to  di'termine  whi'tlu'r  a  sutlicient 
number  of  yeast  cells  are  present.  (Should  they  be  too  crowded,  the 
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contents  of  tli(“  flask  arc  diluted  with  more  gelatin ;  if  too  few  are 
pi'esent,  some  more  must  he  taken  from  the  yeast-containing  flask  hy 
means  of  another  piece  of  ])latinum  ware.  To  cultivate,  the  yeast,  a 
modification  of  Koch’s  glass-})late,  knowai  as  ISottcher’s  moist  chaudjer, 
is  employed. 


laouKK  12. — norrciiEk's  Mois'r  (  iiAMiiER. 

<1,  Tliiii  Cover-glass  ;  h,  Layer  of  Nuti  itive  Material  ;  c,  Class  King ;  d,  Layer  of  Stei'ilised  Water. 

Tilt'  chiimber  consists  of  a  microscojte  slide,  on  which  is  cemented 
the  glass  ring,  c,  the  upiter  surfiict*  of  which  is  ground  flat.  In  use,  a 
small  (juiintity'  of  the  gekitin  tind  yetist,  as  jn-epared  above,  is  placed  on 
the  under  side  of  the  cover-glass.  The  iijtper  edge  of  the  glass  ting  is 
.smeared  with  vtiseline,  and  a  few  drops  of  water  phiced  in  the  hotttjiii 
of  the  chamber.  The  cover-glass  and  gehitin  is  phiced  on  the  ring  :ind 
gently  pressed  down,  when  the  vaseline  makes  a  tight  joint  between 
it  and  the  chamber.  Each  yca.st  cell  embedded  in  the  gelatin  can  now 
be  subjected  to  micro.scopic  e.Namination,  and  any  particular  one  kept 
under  observation.  To  do  thi.s,  any  of  the  devices  in  common  use  as 
tinders  for  any  j>articular  part  of  a  microscojtic  object  may  be  employed, 
l)Ut  a  very  convenient  one  is  Klunne  and  i\l idler’s  markei',  which 
consists  of  an  apidiance  that  can  be  screwed  concentrically  into  the 
screw  of  the  microscopt'  which  carries  the  objective.  The  desired  cell 
is  bi'ought  into  the  centre  of  the  held  :  the  oljective  is  removed  and 
the  marker  substituted  foi'  it.  Jly  means  of  the  focussing  .screw'  it  is 
lowered  ginitly  on  to  the  cover,  on  which  it  marks  a  small  ring  (uicircling 
the  c(*ll  re(|uired  to  lu'  kept  under  observation.  The  cell  is  allowed  to 
d('V(‘]o])  until  a  visible  colony  is  formed.  l>y  means  of  a  stei'ilised  piece 
of  platinum  wire  it  is  now  pickefl  oil’,  and  used  to  seed  a  preiiari'd 
culture  solution  in  a  Pasteur's  or  other  flask.  Thi.s  operation  of  trans- 
ferenci'  may  be  conducted  in  a  dust  frei'  I'oom  in  the  open  air,  but 
lirehu'ably  in  a  small  cupboard  kept  for  the  purpose,  the  walls  of  which 
have  been  moistened  with  glycerin,  so  as  to  maintain  the  interior  as  a 
germ-free  space.  The  apjtaratus,  and  the  hands  of  the  operator,  are 
introduced  through  a  door  just  sutliciently  large  to  pi'ovidi'  for  their 
admi.ssion.  ].,arge  cultures  are  made,  as  bid'ori*,  by  successive  trans¬ 
ferences  to  larger  flasks. 

Ilan.sen’s  e.\])eriments  on  the  effect  on  brewing,  of  specific  varieties  of 
yeast,  were  made  with  cultures  obtained  in  this  manner  from  single  cells. 

284.  Classification  of  Yeasts.  in  classifying  yeasts  as  a 
genus  of  the  fungi,  they  have  received  the  following  dihinition,  based 
u})on  that  of  Rees. 

CLASSIFICATION  OF  TllF  (iKNUS  SACCII AliOM YCKS. 

Jiuddim:;  mostly  without  a  mycelium,  the  individual  species  of 

which  occur  with  cells  of  different  form  and  size.  Under  certain  treat- 
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meat,  and  soinatiuies  als  >  witliout  any  jircvious  trcaUiirnt,  cidl-nuclci 
are  seen.  Under  certain  conditions  llu'  cells  devadoji  ciid(\i::e?U!i/s  spores  ; 
the  yi'miinatinii;  sjiores  of  most  sjjecies  grow'  to  lauhling  cells  ;  in  excep¬ 
tional  cases  a  promvceliuin  is  first  formed.  Xuinber  of  spores  1  to  10, 
mo.st  fnspiently  1  to  4.  Under  fa\'oiiral)le  conditions  the  cells  secrete 
a  gelatinous  m'twtu’k,  in  which  they  lie  embedded. 

The  greater  number  of  the  s2)ecies  induce  fei'inentation. 

Tlu‘  following  is  a  list  of  the  more  important  species  :  — 


SullIii  i  rom)  'CCS  Cere?  'isite, 

,,  Minor, 

,,  Ellipsoideus, 

,,  Pastorianus. 


(  High  Yeast. 

(  Low  Yeast. 

Ferment  of  Leaven. 
Ferment  of  Wine. 


285.  Saccharomyces  Cerevisise,  or  Ordinary  Yeast— At 

least  two  distinct  varieties  of  ordinary  yeast  are  knowm,  to  which  the 
names  of  “  High”  and  “Low  ”  y('ast  have  been  given.  The  formei'  of 
these  is  the  common  yeast  of  English  ah^  fermentation  ;  the  other,  that 
of  the  well  known  “  lager  ”  beer  of  continental  j)roduction.  Saccharo- 
myces  minor,  a  species  of  yeast  found  in  leaven,  is  also  possibly*  a  sub- 
variety  of  vS.  cerevisne,  so,  too,  is  the  distillers’ yeast  imported  so  largely 
in  this  countiy  from  France,  Holland,  and  Germany,  and  sold  as  com- 
])ressed  j’east. 

286.  High  Yeast. — This  variety  is  so  called  because  of  its  ascend¬ 
ing  to  the  toj)  of  the  fermenting  licpiid  during  fermentation.  It  consists 
of  cells  mostly  round  or  slightl}^  oval,  from  8  to  9  //-  in  tliameter,  and 
answering  generalh'  to  the  description  of  3'east  given  in  ])aragra])hs 
'JTO  and  I'TL  Illustrations  of  Bnwvers’  High  Yeast,  Distillers’  Yeast, 
and  Lakers’  Patent  A  easts  are  given  in  Plate  II.,  to  which  reference  is 
also  made  in  Chapter  XII. 

287.  Low  Yeast.  -Sedimentary  yeast,  or  the  “low”  variet}’ of 
saccharomyces  cerevisiic,  is  that  used  in  the  manufacture  of  lager  beer. 
In  general  pro])erties  it  inucli  i-esembles  the  high  yt^ast  which  has  already 
been  studied.  In  form  the  cells  are  somewhat  smalhu-,  and  also  rather 
more  oval  than  those  of  normal  high  yeast ;  but  ditl’er  very  little  in 
shape  trom  high  yeast  when  grown,  as  at  Lurton,  in  \'eiy  hard  watc'rs. 
ligure  8,  jjaragiagh  '2'2\,  gives  illusti-ations  of  low'  yeast. 

288.  Distinctions  between  High  and  Low  Yeast. —Whereas 

high  j’east  rises  ti>  the  surface  of  the  li(|uid  during  fiu'iumdation,  “  hjw  ” 
yeast  always  falls  to  the  bottom,  and  forms  a  sedinumt  there  ;  h(‘nc(Hh(i 
nuine  “  sedimentaiy  ”  yeast.  Lrcwving  with  low  ^•cast  is  })crform(*d  at 
niuch  lower  temjieratun's  than  with  high  ;  thus,  whereas  with  tlu^  latter 
pitching  temi)(‘ratur(‘s  of  20'’  or  21°  C.  ((18°  or  70°  F.]  aic;  employed,  tlu^ 
lagei'  beer  brewer  .starts  his  fermentation  at  as  low  as  8°  C.  (17°  F.),  ni- 
ev(m  G°  C.  (  bU  I-’.)  NNorking  with  this  low  temjieratui'c,  fcrmentatinii 
proceeds  much  less  rapidly  than  with  high  yeast  ;  growth  and  re])roduc- 
tion  ])roc(Hnl  more  slowly,  and  the  biuhling  givcis  I’ist^  to  less  e.xtensivc 
colonies  of  cells.  As  Pasteui'  aptly  describes  it,  low  yeast  when  grow¬ 
ing  has  a  much  less  ramified  appearance.  (See  Figure  9.)  It  is  doubt- 


17G 


'line  SCIEXCK  AND  AKT  OF  liliEAD-MAKINr;. 


ful  wli('tluM' tho  t(‘nii  “  low,”  US  a])j)lie(l  to  tliis  youst,  lias  boeii  '(iveii 
from  tli(‘  lowness  of  the  temperature  employed  for  fermentation,  or 
lit'causo  the  yeast  always  drojis  to  the  bottom  of  the  fermentin';  vat ; 
both  are  eharacteristies  of  this  variety.  This  yeast  is  further  distin- 
.^uished  by  its  producing  an  infei'ior  variety  of  beer  to  the  celebrated 
product  by  high  fermentation  of  Elnglish  and  Scotch  breweries. 

It  may  be  well  to  mention  that  the  low  yeast  of  lager  b(‘er  is  7wf 
that  which  is  being  imported  from  the  continent,  and  .sold  so  largely 
for  bread-making  jnirposes.  As  a  matter  of  fact,  low  A’ea.st  is  veiy 
badly  suited  for  the  fermentation  of  bi'ead ;  its  action  is  extremely 
slow,  and  ri'sults  in  the  production  of  a  heavy,  sodden,  and  frecpiently 
sour,  loaf. 

289.  Convertibility  of  High  and  Low  Yeasts.  This  has 

been  foi'  many  years  a  much-discussed  problem  both  by  brewers  and 
scientists,  and  is  typical  of  the  discussions  which  arise  on  the  general 
question  of  the  immutaliility  or  otherwise  of  the  different  yeast  species 
and  varieties.  Students  who  appreach  this  subject  with  a  jireviiius 
knowledge  of  the  laws  of  the  origin  of  species  as  a  result  of  evolution,  as 
enunciated  and  demonstrated  by  Darwin,  will  be  prepared  to  expect 
from  the  general  evidence  of  biology  that  not  only  high  and  low  yeasts, 
but  also  all  forms  anrl  species  of  saccJiaromyces,  have  had  one  common 
origin,  their  diversities  having  iK'en  producetl  by  differences  in  envii’on- 
ment  e.xtending  over  numberless  generations.  AVhen  discussing,  how¬ 
ever,  whether  or  not  low  and  high  yeast  are  convertihle,  and  really 
therefore  of  the  same  species,  it  is  understood  that  the  question  refers 
to  convertibility  during  small  amounts  of  time,  not  such  lengthy  periods 
as  are  reiiuisite  for  an  actual  evolution  of  distinct  species.  Pasteur,  at 
an  earlier  jjeriod  of  his  researches,  considered  the  two  3’easts  to  be  con¬ 
vertible,  but  as  the  result  of  later  investigations,  atfirmed  the  two  yeasts 
to  be  distinct.  This  belief  is  founded  on  experiments  in  which  high 
yeast  was  grown  repi'atedly  at  the  l(.)west  possible  tenqierature,  and  low 
yeast  at  the  temperature  employed  for  high  fermentation.  Siqijxising 
the  yeasts  to  be  pure  at  the  commencement  of  such  an  ex])eriment,  he 
as.sc'i'ts  that  no  transformation  of  the  one  variety  into  the  other  is 
effected.  In  this  opinion  he  dillers  from  many  brewers,  who  state  that 
under  such  conditions  the  one  yeast  is  convert(*d  into  the  other. 
I’asteur  gives  the  following  ('xplanation  of  the  ob.served  change  :  if  the 
high  yeast  had  in  it  a  fc'W  cells  of  low  yeast  as  inqnirity,  on  being  sown 
and  causi'd  to  ri'produce  at  a  low  temperature,  the  low  yeast  ccdls  ])r( - 
sent  would  thrive  well,  while  the  high  yeast  would  languish.  The 
minute  quantity  of  low  yeast  cells,  finding  tlu'  conditions  favourable  to 
their  growth,  develop;  and  the  others,  through  the  conditions  being 
unfavourable,  are  after  a  time  outnumbered  and  disappear.  The  change 
of  low  into  high  yi'ast-  is  explained  as  being  just  the  conver.se  of  that 
now  described.  The  lati'st  authoritative  dictum  on  this  subject  is  that 
of  .Idrgensen,  who,  in  18l)d,  asserts  that,  “in  sjiitc'  of  many  assertions 
to  the  contrary,  it  has  not  hithei’to  been  po.ssible  to  bring  about  an 
actual  convei'smn  of  to])-yeast  into  bottom-yeast,  or  vice  versa.  The 
investigations  of  Hansen  and  Kuhle  show  that  it  is  certainly  possible 
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for  ii  liottoiu  feriiieiitritioii  yoast  to  ])i\)(luce  transitory  toj)  fci’iiientatioii 
plK'iioinoiia ;  these',  liowever,  (juickly  disappear  witli  the  ])rogressive 
development  of  tlie  yeast.” 

290.  Distillers’  Yeast.— The  yeasts  emj)loye(I  hy  distilhsrs  for 
the  ])urpose  of  fermenting  tlieir  worts  ditler  in  some  most  imjjortant 
cliaracteristics  from  ordinary  l)rewers’ yeast.  Tliey  are,  in  the  first  place, 
grown  in  un-hopped  worts,  as  against  the  hopped  worts  of  the  brewer. 
In  appearance  they  re.semble  low  yeast  more  closely  than  the  normal 
brewers’  high  3'east,  averaging  slightly  smaller  in  size,  and  forming  less 
extensive  colonies.  The  3’east  is  less  mucilaginous  than  that  of  the 
brewer,  and  so  does  not  form  so  sticky  a  ma.ss.  'J  he  di.stiller.s’ yeasts 
are  invariabh’  high  y-easts,  but  are  sharply'  sejiarated  from  the  brewers’ 
yeast  by  their  capacity'  for  inducing  a  vigorous  fermentation  in  dilute 
mixtures  of  Hour  and  water.  If  equal  weights  of  brewers’  and  distillers’ 
yeast  be  sown  in  a  .solution  of  sugar  in  water,  and  fermented  under  the 
•same  conditions,  the  brewers’  yeast  will  usually  cau.se  a  slightly  more 
rapid  evolution  of  gas ;  but  if,  instead,  a  mixture  of  Hour  and  water  be 
used,  the  distillers’  yeast  will  cause  many'  times  more  gas  to  be  evolved 
than  does  that  from  the  brewer.  This  cliHerence  does  not  seem  to  be 
owing  to  the  ab.sence  of  sugar,  for  if  to  the  Houi-  anri  water  sugar  be 
added  in  the  same  pro])ortion  as  in  the  pure  sugar  solution,  there  is  still 
little  or  no  inore  fermentation  caused  by  the  brewers’  y'east.  The  prol)- 
able  I'eason  is  the  ])hysical  diHeience  caused  in  the  Houi’  mixture  bv 
the  presence  of  the  inert  comstituents  of  the  Hour. 

Jurgeiisen  states  that  distillery^  y'easts  exhibit  mai'ked  diHerences  in 
their  sedimentary'  foi  ins,  and  in  ascospore  formation,  to  In-ewers’  y'easts. 
i\licroscopic  examination  of  compre.ssed  y'east,  according  to  Eelohonbek, 
indicates,  in  the  following  manner,  alterations  in  the  appearance  of  the 
cells.  As  decomposition  .sets  in,  the  protoplasm  becomes  darker  in 
colour  and  more  licjuid  ;  the  vacuoles  become  larger,  and  the  sharp  out¬ 
line  between  them  and  the  plasma  gradually'  (lisappears  :  the  plasma 
shrinks  from  the  cell-wall,  and  Hnally  collects  in  irregular  masses  in  the 
cell-Huid.  At  times  cells  ajqx'ar  in  pressed  y'east,  which  suddenlv 
devehjp  a  number  of  small  vacucHes ;  these  abnormal  vacuolar  cells 
.speedily'  perish. 

291.  Saccharomyces  Minor. — This  is  a  form  of  yeast  described 
by  Engel  as  being  obtained  l)y'  him  from  leaven  (a  name  given  to  old 
dough).  To  obtain  tln^  fc'rment  he  washes  a  })iece  of  leaven  in  the  same 
way'  as  described  in  a  previous  chapter  for  the  .separation  of  tlie  gluten 
of  Hour  from  its  star(  h.  The  yeast  cells  pass  through,  and  may  be 
detf'cted  l)y  microscopic  examination  of  the  litpud  aftc-r  the  larger  starch 
cells  hav('  settled  to  tin*  bottom.  The  ccHls  of  ScU'C^idtof/iVt'CS  iniitor  are 
globular,  occui-ring  either  isolated  or  in  paii-s  or  gi-oups  of  threa*.  They 
are  about  (J  mkms.  in  diametei-  and  have  an  indistinct  vacuole.  In 
Pasteur’s  Huid  they  reproduce  but  slowly',  and  form  new  cells  of  the 
same  dimensions  as  werc^  the  original.  They  easily  r(‘pi-oduce  liy'  spoi'u- 
lation,  th(!  spores  l)eing  about  .‘5  mkms.  in  diametei-,  and  ai-(>  united  in 
twos  or  thi-ees.  They-,  on  the  whole,  closely  ri'sembh*  the  yeast  of  beer. 
Although  Engel  treats  .saccharomyces  minor  as  a  distinct  varic-ty,  the 
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lialance  of  evidence  is  in  favour  of  its  identity  with  67  cercvisice.  (drove 
considers  it  to  he  hut  a  form  of  that  ferment.  Tlie  le.sser  size  and 
activity  may  he  attrilmtial  to  its  liaving  continually  reproduced  itself 
in  an  unfavourable  medium,  such  as  dough  ;  hence  its  stunted  appear¬ 
ance  and  slow  growth,  as  compared  with  the  more  favourably  environed 
yeast  of  beer. 

Engel  views  this  form  of  yeast  as  being  the  active  ferment  in  the 
fermentation  of  bread.  In  tliis,  of  cour.se,  he  is  referring  to  continental 
black  bread,  in  the  fermentation  of  which  leaven  is  employed,  this  being 
made  by  kneading  together  flour,  bran,  and  water,  and  allowing  the 
mass  to  undergo  spontaneous  fermentation. 

White  bread  fermented  with  either  brewers’  or  distillers’  yeast  be¬ 
longs  to  a  totally  ditlerent  category. 

iSaccharomyces  minor  and  other  yeast  varieties  are  illustrated  in 
Plate  III.  The  numbers  following  the  multiidying  sign  give  tlie 
mamiitication  in  diameters. 

O 

292.  Saccharomyces  Ellipsoideus. — This  is  the  ordinary  fer¬ 
ment  of  vinous  fermentation,  that  is,  that  by  which  “  must,”  or  the 
expressed  juice  of  the  grape,  is  converted  into  wine.  The  cells  of  this 
variety  of  yeast  are  oval,  and  about  6  mkms.  long;  they  reproduce  both 
by  budding  and  spores.  When  grown  in  malt  wort,  tliey  produce  a 
beer  of  a  decided  vinous  flavour,  which  is  sometimes  made  and  sold  as 
“  barley  wine.” 

293.  Saccharomyces  Pastorianus.  --The  cells  of  this  variety 
of  yeast  vaiy  considerably  in  size  ;  they  are  cylindrical  in  shape,  with 
oval  ends,  and  appear  when  seen  in  colonies  somewhat  like  strings  of 
sausages.  Pudding  occurs  at  the  joints,  where  grou})s  of  smaller  daughter 
cells  may  be  oli.served;  these  are  flrst  either  round  or  slightly  oval.  The 
(dongated  cells  are  from  18  to  '2'2  mkms.  long,  and  about  4  mkms.  in 
diameter;  the  daughter  cells  are  about  5  to  G  mkms.  in  length. 


a,  Tliu  same  moi'e  liiglily  iiiattiiilleil  (aftur  I’astciii’). 

S.  Pastorianus  occurs  in  the  after-fermentation  of  wine  and  beer,  and 
also  in  bakers’  “patent”  yeasts.  As  it  is  found  in  English  beers  y\hich 
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liavo  been  keep  for  some  time  in  store,  cells  of  it  are  pi-obably  more  or 
less  present  in  all  cimimereial  En,<;lisli  yeasts.  Hein,<^  a  hiss  active 
variety  than  S.  ierevisi(e,  it  remains  (lormant  while  the  lirst  or  principal 
fermentation  proceeds  ;  but  when  the  most  of  tlui  su-^ar  has  disappeiireil 
the  S.  pastonanus,  bein^  able  to  live  and  develop  i,i  a  less  nutritious 
medium,  grows  and  reproduces.  Jlrown  and  Morris  jioint  out  that  the 
amyloins  cannot  be  either  fermented  or  hydrolysed  by  ordinary  yeast  • 
but  that  ..S. is  capable  of  hydrolysing  maltode.vtrin  for  itself* 
thus  giving  rise  to  an  aiiparent  direct  fermentation  of  that  body  This 
will  e.vplain  how  this  latter  ferment  thrives  and  reproduces  in  a 
medium  so  deficient  of  sugar  as  not  to  permit  the  growth  of  Saccharomvces 
j:er€visicc. 


294.  Saccharomyces  Mycoderma,  or  Mycoderma  Vini  — 

Closely  allied  to  the  saccharomyces  already  descri'lied  under  the  name 
of  yeast  is  this  species,  which  belongs  to  the  fuiigus  family  proper. 
Saccharomyces  mycoderma  reijuires  for  its  growth  and  development  free 
oxygen,  and  belongs  to  Pasteur’s  division  of  “  mrobiaii  ”  plants.  Al¬ 
though  the  fungi  proper  luxuriate  rapidly  when  growiii--  with  free 
access  to  air,  yet  they  are  si.eedily  destroyed  by  enforced  smbmergence 
below  the  surface  of  a  liijuid.  Saccharomyces  mycoderma  occurs  on  the 
surface  of  wine,  beer,  and  bakers’  yeasts,  on  Pieir  being  exposed  for 
some  days  to  the  air,  forming  after  a  time  a  thick  wriiikled  skin  or 
mycelium;  in  which  state  it  is  said  to  be  “mothery.”  The  mycoderma 
is  known  as  that  of  wine  (vini),  or  of  beer  (cerevisiie),  accordui<>-  to  the 
uiuid  on  which  it  a^ipears.  Viewed  under  tlie  microscope,  the  mycelium 
IS  found  to  consist  of  extending  branches  of  elongati'd  cells  closely  felted 

or  intertwined  together.  See 
illustration  on  Plate  III.,  and 
ligure  14  of  A/ycoderma  Cere- 
vtsice.  The  individual  cells  are 
either  oval  or  cylindrical,  with 
rounded  mids.  Tliey  are  aliout 
<)-7  mkms.  long,  ami  2-;]  mkiiis. 
in  diameter.  Hie  mycoderma  vini 
I’eproduces  either  by  budding  or 
by  spores.  Hie  spore  forming 
cells  attain  a  length  of  as  mucii 
as  20  mkms.  Home  made  or  fer¬ 
mented  ginger  beer  readily  jier- 
mits  the  growth  of  this  particular 
mould;  the  so-called  ginger-beer 


MO.  \y—  Mycodtruta  Cercvisi,c. 

From  Ci.penhaj'uii  lireHciies.  . . 

plant  being  largely  composed  of  Saccharomyces  mycoderma.  I'articularly 
m  summer  time,  the  growth  of  this  fungus  proceeds  with  extreme 
celerity,  the  mycelium  lirst  formed  bHiig  thrown  into  folds  l.y  its  raiiid 
development  ;  at  the  same  time  consideralde  heat  is  produced.  3Iicro- 
scojiic  examination  shows  that  J/ycoderma  vini  is  very  liki'  yeast  in 
apijearance  ;  for  a  long  time  it  was  supposed  that  t  he  two  weiv  identical, 
and  that  the  niouldine,ss  of  beer  was  jiroduced  by  the  yeast  cidls  ascend¬ 
ing  to  the  surface,  and  there  developing  as  a  fungoid  growth.  The  two 
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.anisms  are,  however,  distinct  species,  and  have  not  been  transformed 
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one  into  the  otlu'r.  A/yL'odenna  vini  dining  its  gi-o\vth  seizes  ovygen 
witli  great  avidity,  entirely  pri'venting,  during  tlie  })eriod  of  its  actual 
life,  the  development  of  otliei'  orgainsnis  also  |•e([uiring  oxygen,  hut  en- 
dow<>d  with  less  vital  energy.  Pasteur  states  that  on  suhmerging  this 
mould  during  its  actual  growth  into  malt  wort,  or  other  sacchai'ine 
liijuid,  it  for  a  short  time  causes  fermentation,  witli  the  production  of 
small  ([uantities  of  alcohol  ;  hut  this  action  soon  ceases  with  tin*  early 
ileath  of  the  fungus.  In  addition  to  this  limited  fermentative  action, 
mxcfldcrma  vini  acts  on  wines  and  heers  as  a  somewhat  powerful 
oxidising  agent  ;  it  conveys  the  oxygen  of  the  air  to  tlu'  alcohol  of  the 
liquid,  causing  its  complete  slow  comhustion  into  cai'hon  dioxide  and 
water,  and  con.se<|uently  ra2)idly  lessening  the  alcoholic  strength  of  the 
m(*dium.  Although  wines  and  heers  hi'come  sour  simultaneously  with 
the  development  of  niycodenna  vini,  the  souring  is  not  diu‘  to  this 
organism,  hut  to  another  distinct  gi'owth. 

Tlie  limited  alcoholic  fermentation  ju'oduced  l)y  niycodernia  vini  leads 
to  its  lieing  classed  among  the  sacLdiaroniyces. 

295.  Hansen  on  Analysis  of  Yeasts. —It  is  princijially  due 
to  the  researches  of  Hansen  that  we  are  ahle  to  classify  yiaists  into 
sjx'cies  and  races  with  such  accuiacy  as  is  now  jiossihle.  The  results 
of  Ins  work  have  had  such  im})ortant  eih'cts  on  tlu'  hrewing  industry, 
and  indirectly  on  that  of  hi-ead-making,  that  the  jiresent  woi’k  would 
not  he  comjtlete  without  some  reference  to  the.se  latest  classical  in¬ 
vestigations. 

Hansen’s  fundamental  idea  was  that  the  shapig  relative  size,  and 
aj)j)earance  of  yeast  cells,  taken  hy  themselves,  wm-e  not  sutHcient  to 
characti'i'ise  a  s])ecies,  since  the  same  sjiecies  under  diU'erent  external 
conditions  could  assume  very  ditlerent  forms  Further,  although,  for 
examjjle,  a  microscopic  held  of  imre  S.  cerevisiic  could  he  distinguished 
hy  its  a).)})earance  from  jiuri'  S.  /’asforinnn^,  yet  in  a  mixture  of  the  two 
it  is  not  po.ssihle  to  distinguish  individual  cells  of  the  one  from  those  of 
the  other.  S.  cerci'isiic  forms  at  times  .sau.sagi ‘-shaped  cells,  whih'  A 
tnjsiorianui  occurs  to  a  certain  extent  as  round  or  oval  cells.  Sona* 
other  method,  tlu'ii,  than  ndcroscoi>ic  (‘xamination  is  necessary  for  thi'ir 
dih'crentiation. 

296.  Formation  of  Ascospores.  l‘>y  investigation  of  the 

conditions  under  whii-h  dili'erent  race's  of  yeast  fornu'd  ascospoi-es, 
Hans(‘n  was  enahled  to  ai’i  ive  at  a  mode'  of  analysis  of  yeasts.  A  de¬ 
scription  of  (he,  mode'  of  proceduri'  hy  which  ascosjiores  ai'i'  obtained 
has  already  hei‘n  given,  hut  1  iansi'ii  ascortaiiu'd  with  more'  exactitude 
the  j)i(‘cis(‘  conditions  necessary,  and  thus  sums  uf)  his  conclusions  : — 
Till'  cells  must  lx;  ke])!  moist  and  havi'  a  ph'ntiful  suiqily  of  air  ;  further, 
to  form  sjiores  they  must  he;  young  and  vigorous.  For  most  spt'cie's  a 
temiierature  of  110°  C.  is  (he  favourahh' ;  for  all  siiecii's  this  ti'iu- 

perature  faiours  their  deve'lopment. 

Hansen  found  thee  jeroce.ss  of  .sjeon'-formation  to  vary  in  diti'erent 
species.  S.S.  arcvidic,  pasiorianiis,  and  ellipsoidins  germinate'  into 
sjeore's  in  e'sse'iit ially  the  .same'  Wiiy.  A.  Indzviyii  -awA  S.  anomalus  havee 
each  a  seiuinite  iinel  elistinct  moelc  e)f  siuire  growth. 
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Plate  IV. 


Formation  of  Ascospores 

1  ScLcohj  ceneMbsios  I  2  Scbcch .  Pastor lanus  1 . 

3.  Souxh.  Paswrumrias  II.  ^  Sobochj  Pastorianzis  III. 

5.  Soicchj.  eLUpsoijdeu/s  I  6.  Soucch./.  eLUpsood-etie  II . 

( Hounsfi'iv  ><  2000 .  ) 
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Wliile  all  species  form  sjiores  at  ■20°,  Hansen  set  himself  to  deter¬ 
mine  whether  with  difhn-ent  species  there  was  any  dillerence,  in  their 
behaviour  under  varying  conditions  of  temperature.  In  making  ob¬ 
servations,  he  i-egistered  the  time  when  the  cells  first  showed  distinct 
indications  of  spore  formation.  The  limits  of  temperature  for  all  species 
are  between  from  0‘5  to  ■'5°  C.  and  .'IT’o"  C.  At  the  highest  bmiperature 
all  species  develop  first  indications  in  about  30  hours,  and  show  very 
little  ditlei’ence  in  time  at  25°  C.  ;  but  with  lower  temperatures  very 
evident  did'erences  occurred.  JIansen  also  found  that  there  were 
differences  in  anatomical  structure  of  spores  that  could  be  utilised  for 
analytic  purposes.  In  tin;  so-called  cultivated  yeasts,  S.  cerevisice,  eni- 
plo3'ed  for  bnoving,  the  spores  have  a  distinct  membrane,  with  non- 
bomogeneous  granular  contents  and  a  definite  vacuole.  In  the  case  of 
the  so-called  wild  yeast.s,  the  spore  wall  is  frecjuently  indistinct,  the  cell 
contents  homogeneous,  and  the  vacuole  absent. 

H  ansen  investigated  very  closely  the  following  si.\  species  of  j^east, 
particulars  of  which  are  furnished. 

Illustrations  of  the  formation  of  ascospores  are  given  in  Plate  IV. 

Saccharomyces  cerevisicc  /.,  English  top-fermentation  yeast.  Ferments 
de.xtrose  and  maltose  very  vigorously.  Spores  strongly  refractive  to 
light,  walls  very  distinct  ;  size,  2 '5 — 6  /x. 

S.  fastorianus  /.,  IJottom-fermentation  j^east  ;  frequently  occurs  in 
the  air  of  fermenting  rooms  ;  imjiarts  to  beer  a  disagreeable  bitter  taste 
and  unpleasant  odour  ;  can  also  produce  turbidity  and  interfere  with 
clariticatiejn  in  fermenting  vat.  Size  of  spores,  1'5 — 5  /x. 

S.  pasiorianus  II..  Feelde  top-fermentation  yeast  ;  found  in  air  of 
breweries  ;  ajtparentl}'  does  not  cause  disea.ses  in  beer.  Size  of  spores, 
A  . 

.V.  pastorianus  III..,  Top-fVrmentation  j'east,  one  of  the  species  wdneh 
])roduce  ^east/iirlndifv  beer;  but  in  certain  cases  clarify  opalescent 
worts.  Size  of  sjxores,  2 — 5  p. 

A.  eilipsoideiis  /.,  Bottom-fermentation  yeast  ;  occurs  on  ripe  grapes. 
Size  of  spores,  2 — 4  /x. 

.S',  eilipsoideiis  II.,  Usually  bottom-fermentation  yeast;  causes  irnV 
turbidity,  more  dangerous  than  .S’,  tastorianus  III.  ;  also  imparts  a 
sweetish,  disagreeable,  aromatic  taste  to  beer,  and  a  bitter,  astringent 
ajter-tas'e.  Size  of  spores,  2  -5  /t. 

It  will  he  noticed  that  Hansen  sub-divides  both  .S',  pastorianus  and 
eilipsoideiis.  He  also  sub-divides  other  s})ecies  into  dift'erent  races  or 
varieties.  The  leading  points  of  connection  between  timiper  dun*  and 
spore  formation  are  given  in  the  following  table  :  — 
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TK:MPERATUI!E  AXD  SPORE-rORMATIOX  OF  YEASTS. 


Saccli. 
Ceiev.  I. 

Sacc'Ii. 
Pa.st.  I. 

Sacch. 
P,a.st  II. 

Saccli. 
Past.  III. 

Sacch. 
Ellip.  I. 

Saccli. 
Elli]).  11.^ 

Highest  limit  of  de- 

vi'lopment.  Tempe¬ 
rature  of  ... 

57 -5° 

31-5° 

29° 

29° 

32  5° 

35 

IMost  rapid  develop¬ 
ment.  Temperatun' 
of  . . . 

.50° 

27-5° 

2;y 

25° 

25° 

29° 

INIost  rapid  develop¬ 
ment.  Time,  in  hours, 
of  appearance  of  first 
indication  of  spore.s. 

20 

24 

25 

28 

21 

'2'2  i 

Time,  in  hours,  of  ap¬ 
pearance  of  first  in¬ 
dications  at  15°  C., 

no 

50 

48 

48 

4r> 

1 

t 

f 

G2 

Lowest  limitof  develo]i- 
ment.  Temperature 

of  ... 

9° 

0-5° 

0-5“ 

4° 

4° 

4° 

It  will  be  .seen  that  consi<leral)le  clitt'erences  exist  l)etween  the  vai  iou.s 
yeasts  in  the  particulars  given.  In  a<l(lition,  Hansen  has  also  investi- 
gat(‘d  the  conditions  of  him  formation  and  other  properties  which  aid 
in  the  task  of  yeast-differentiatioJi. 

297.  Detection  of  “  Wild”  Yeasts.  —  in  utilising  spore  foi-ma- 
tion,  cnltui’cs  are  made  at  temperatures  of  2“)°  and  15°  respectiveh',  the 
latter  being  examined  after  three  days — 72  hours.  All  the  wild  yeasts 
will  have  commenced  to  show  indications,  whih'  the  cultivated  yeast 
will  be  flee  from  them.  When  used  jiractically  for  technical  purpose.s, 
this  method  is  cajiable  of  detecting  with  certainty  an  admixture  of  0-.'> 
per  cent,  of  a  wild  yeast  in  an  otherwisi*  pun*  eulture.  I'or  this  and 
other  tests  applied  to  j’east  by  Hansen’s  methods,  it  is  essential  that  tlu‘ 
preliminary  trials  of  the  yeast  b(‘  uniform,  so  as  to  make  the  tc'sts 
comjiarative. 

298.  Varieties  of  Cultivated  Yeast. — Not  only  have  distim- 
tions  b(‘en  drawn  between  cultivated  and  wild  yeasts  by  th<>  methods 
just  de.scribed,  but  also  well-marked  and  distinct  varieties  of  cultivated 
yeast  have  been  grown.  Kaeh  of  these  possesses  distinct  characteristic.s, 
and  is  valued  for  certain  kinds  of  bi'cr.  'I'lius,  Jorgensen, /er 
purposes,  classifu's  diU'erent  rac(‘s  of  yeast  prepanal  by  pun'  cultun' 
methods  in  his  laboratory  into  tlu' following  groujis  : 

A. - nOT'I'OM  FEKMEXTATIOX  Sl’ECIE.S. 

1.  Species  which  chu'ify  vi'ry  (piiikly  and  give  a  fei'bh'  fermentation 
in  the  fermenting  vessc'l  ;  the  beer  holds  a  strong  lii'ad.  'J'he  beer,  it 
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kept  long,  is  liable  to  yeast-turbidity.  Sucli  yeasts  are  only  suitable  for 
(Iraugbt-beer. 

•J.  Species  M  hicli  clarify  fairly  quickly  and  do  not  give  a  vigorous 
fermentation  ;  the  beer  liokls  a  strong  head  ;  high  foam  ;  yeast  settles 
to  a  firm  layer  in  the  fermenting  vessel.  Beer,  not  particularly  stable 
as  regards  yeast-turbidity.  Yeasts  are  suitable  for  draught-beer,  anrl 
jiartly  for  lager  beer. 

3.  Species  which  clarify  slowly  and  attenuate  more  strongly  ;  the 
beer  has  a  good  taste  and  odour ;  the  yeast  deposit  is  less  tirm  in  the 
fermenting  vessel.  Beer  is  very  stable  against  yeast-tui'bidity.  These 
V'easts  are  suitable  for  lager  beer,  and  especially  for  export  beers  which 
are  not  pasteurised  or  treated  with  antiseptics. 

B. — TOP-FEKMEXTATION  SPECIES. 

1.  Species  which  attenuate  slightly  and  clarify  quickly.  The  beer 
has  a  sweet  taste. 

2.  Species  which  attenuate  stiaingly  and  clarify  quickly.  Taste  of 
beer  nu)re  pronounced. 

3.  Sjiecies  wdiich  attenuate  strongly,  clarify  slowly,  and  g^ive  a  normal 
after-fermentation.  The  beer  is  stable  against  yeast-turbidity. 

Hansen  has  isolated  two  yeast  races  from  ordinary  yeast,  both  of 
which  are  emplo3^ed  in  the  Carlslierg  brew^eries  ;  these  are  known  as 
Carlsberg  Xo.  I.  and  Carlsberg  No.  IT.  Each  has  distinct  pi’operties 
of  its  own  ;  thus,  Xo.  I.  gives  a  lieer  well  adajited  for  liottling,  containing 
less  carlion  dioxide  than  Xo.  II.,  and  possessing  a  lower  degree  of 
attenuation;  well  adapted  for  home  use.  Xo.  II.  is  principallj^  culti¬ 
vated  for  export,  giving  a  good  draught-beer  containing  more  carbon 
dioxide. 

Passing  for  a  moment  the  work  of  different  investigators  in  review, 
Pasteur  freed  yeasts  from  weeds  or  foreign  vegetable  gi’owths  of  the 
bacteria  group.  Hansen  first  eliminated  wild  yeasts  as  a  fruit  grower 
might  eliminate  crab-apples  and  other  wild  fruits  from  Ids  orchard. 
LastU’,  he  has  devoted  his  attention  to  the  growth  of  distinct  l)reeds  of 
cultivat(*d  \’east,  each  specialised  foi‘  a  particular  tyiie  of  beer. 

In  a  less  juominent  degree  much  the  same  is  being  done  for  the 
bakers.  Yeasts  are  selected  for  their  vigour  and  capacity  for  fermenta¬ 
tion.  and  these  are  cultivated  to  the  exclusion  of  types  incapable  of 
jdelding  such  excellent  results. 

E  X  P  E  u  I  .W  E  x  T  A  L  W  0  K  K . 

299.  Substances  produced  by  Alcoholic  Fermentation.— 

Prejiare  some  ten  or  tw'elve  ounces  f)f  malt  w'ort,  bj-  mashing  ground 
malt  in  fiv(‘,  tinu^s  its  w'eight  in  water  ;  and  take  its  (hmsit}'  by  a  hvalro- 
metei'.  To  the  wort  add  a  small  (piantity  of  either  lirewei's  or  com¬ 
pressed  yea.st,  place  it  in  a  ll.ask  arranged  with  a  cork  and  leading  tube, 
and  .set  it  in  a  warm  jjlace  (30  -3.')°  (J.).  Attach  tlu*  leading  tube  to  a 
flask  containing  lime-water,  so  that  any  gas  evolved  bv’  the  yeast  has  to 
bubble  through  th(^  liiiuid.  Xoticc;  that  after  a  time  hn'iiumtation  sets 
in,  and  that  the  v'east  rises  to  tlu^  tof)  ;  gas  bulibles  through  the  lime- 
water  and  turns  it  milky,  thus  sh(j\ving  that  carl)on  dioxiih'  is  being 
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evolved.  When  the  li(iui(l  liecomes  (luiesceiit  through  the  ces.sation  of 
fennentiition,  again  take  its  density  witli  the  hydrometer,  notice  tliat 
it  is  le.ss  tlian  hefore  ;  return  the  litiuid  to  the  tlask,  and  connect  to  a 
Liebig’s  comlenser  and  distil  ;  notice  that  tlie  first  drojis  of  the  distillate 
have  tlie  a})])earance  of  tears,  as  described  in  jiaragraph  9  U  Chapter  1 1 1. 
Cease  ilistilling  when  about  one-tenth  of  the  liijuiil  has  distilled  over  ; 
notice  that  the  distillate  has  an  alcoholic  or  spirituous  odour.  Test  it 
for  alcohol  by  the  iodoform  reaction. 

300.  Microscopic  Study.  Preceed  with  this  on  tlie  lines  of 
paragraph  270. 

INIount  a  trace  of  the  yeast  in  a  little  warm  malt  wort,  and  e.Namine 
carefully  :  notice  alteration  in  a})pearance  of  the  yeast  cells  as  they  set 
up  fernientation  :  keep  the  microscope  with  slide  in  focus  for  some  time 
in  a  warm  j)lace,  ami  observe  from  time  to  time  the  changes  as  they 
proceed.  Watch  specially  for  tlie  development  of  budding,  and  as  .soon 
as  any  signs  are  detected  watch  the  cell  at  short  intervals  until  the  hud 
has  become  completely  detached  from  the  parent  cell. 

Sow  a  little  yeast  in  a  beaker  in  a  small  (juantity  of  wort  ;  take  out 
a  little  and  e.Namine  under  the  microscope  a  few  hours  later  :  examine 
again  on  each  successive  day  until  some  three  or  four  days  have  elapsed 
since  the  fermentation  has  ceu.sed.  Xote  during  the  height  of  the  fer¬ 
mentation  the  colonies  of  cells,  sketch  some  of  these  :  observe*  the  clear 
outlines  and  transparent  [irotoplasm  of  the  new  cells  as  compared  with 
the  shrunken  appearance  of  the  parent  cells.  As  time  proce'eds,  notice 
the  gradual  alteration  in  apjeeai'ance  of  the  yeast,  until  at  last  the  new 
cells  are  similar  in  ajipearance  to  those  oi'iginally  sown. 

8tudy  sporular  reproiluction  as  directed  in  j)aragraj)h  281. 
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CHAPTER  X. 

BACTERIAL  AXD  PUTREFACTIVE  FERMENTATIONS. 


MOULDS. 

301.  Schizomycetes. — Grove  defines  the  Schizomycetes  or  “  split¬ 
ting  fungi”  {Spaltpilze)  ns  being  unicelluhir  plants,  which  multiply  hy 
repeated  subdivision,  and  also  frequently  reproduce  themselves  hy  sjmres, 
which  are  formed  endogenously.  They  live,  eith(‘r  isolated  or  combined 
in  vaiious  wa3’s,  in  fluids  and  in  living  or  dead  organisms,  in  \vhicli 
they  jiroduce  decompositions  and  fermentations,  hut  never  alcoholic 
fermentation. 

Among  these  organisms  are  included  bacteria,  bacilli,  vibrios,  itc., 
hut  comparatively’  few  of  these  have  an  immediate  hearing  on  the  pre- 
.sent  subject,  and  so  the  great  majority  need  not  here  he  described. 


ITO.  15.— CROWTII-KOKMS  OE  HACTF.RIA. 

a,  Cocci  ;  h,  Diplococci  !iii(I  Siirciiia  ;  c,  Streptococci  ;  d,  Zootjicea  ;  Racteria  and  liacilli  ; /. 
■  I'lostridimii  ;  .0.  I’seiido-lilament,  I.eptotlirix,  (Madotlirix  ;  h,  Vibiio,  Spirillum,  Spir'<clia'tc,  and 
rSpinilina;  /,  Involution-forms;  k.  Bacilli  and  Spirilla,  with  cilia  or  llai'ell.i  ;  I,  Sporc-formin); 
I  Bacteria  ;  ;/!,  Oermination  of  the  Spore. 

The  dilliculty  of  chissifyung  tint  Scliizoniyceies  increases  with  a  more 
: minute  ac(|u<aintiince  with  thest;  orgiinisms,  as  investigtition  shows  that 
lone  iind  the  same  orgiinism  occurs  in  varving  forms  undm-  dilH'rtmt 


180 


TIIK  SCIENCE  AND  ART  OF  DREAD-MAKINO. 


conditions.  Some  of  the  various  ijrowtli-fonns  arc  illustrated  in  Figure 
lo.  If,  on  the  other  hand,  grouped  according  to  the  chemical  changes 
they  ju'oduce,  then  in  many  instances  more  than  one  organism  is  found 
cajiable  of  inducing  the  same  cliemical  reaction.  For  the  purposes  of 
the  pres('nt  work,  it  will  he  more  convenient  to  accept  i)rf)visionally  a 
classitication  according  to  chemical  eti'ects  produced. 

The  Schizontycetes  jiossess  the  property  of  surrounding  themselv'es  with 
a  gelatinous  substance,  in  which  lai’ge  cohaiies  of  them  may  be  seen 
imbedded.  They  are  then  said  to  be  in  the  “  Zooglo'a  ”  stage. 

302.  Bacteria. — These  organisms  consist  of  small  cells,  commonly 
cylindrical  in  shape  ;  they  increase  by  transviu’se  divisions  of  cells,  ami 
repi'oduce  by  sporulation.  Baderia  have  a  spontaneous  power  of  move¬ 
ment. 

ORGANISMS  OF  PUTREFACTION. 

303.  Bacterium  Termo. — This  is  es.sentially  the  ferment  of 
putrefaction.  It  is  present  in  air,  and  also  in  waters  contaminated 
with  sewage.  Hay,  meat,  or  flour  infusions,  malt  wort  and  other 
liquids,  on  being  exposed  to  the  atmosjihore,  become  turbid,  and  are  then 
found  on  microscopic  examination  to  be  den.sely  crowded  with  bacteria. 
The  cells  are  oval  in  shape  and  about  1'5  to  2  mkms.  in  length  :  they 
are  consti’icted  in  the  middle,  giving  them  a  sort  of  hour  glass  a])pear- 
ance  ;  at  each  end  is  an  extremely  line  lilament,  termed  a  flagellton^' 
and  sometimes  a  ciliunt.”  This  is  })robably  the  organ  by  which  the 
baderiion  exerts  its  motile  or  moving  jmwer.  For  illustrations  of  this 
and  other  Forms  of  Factmua  see  Plate  V. 

This  definite  movement  of  the  bacterium  must  not  he  confounded 
with  the  simple  oscillatory  movement  of  small  particles  of  matter  when 
suspended  in  a  fluid.  This  latter  may  be  observed  by  rubbing  up  a 
little  gamboge  in  watei',  and  microscopically  examining  a  drop  of  the 
liijuid  :  the  small  solid  particles  arc'  sc'cn  to  be  in  a  continual  state  of 
motion.  This  lattc'r  is  termed  the'  “  Prownian  ”  movc'inent. 

The  spores  of  the  bacteria,  in  common  with  most  other  of  tho.se  of  the 
sc/iizomvcctes,  arc;  extremely  tenacious  of  life.  They  may  be  dried  up 
and  exist  in  a  dormant  stale;  for  an  indetinite  time  without  losing  their 
vitality  ;  for  immc'diately  on  bc'ing  again  moistemed  and  placc'd  in  a 
suitable  medium,  they  commc'ncc'  an  active*  existe-nce  and  cause*  ])utre'- 
faction.  The  dry  sjioi-es  are*  not  eh'stroyi'd  by  eve>n  boiling  them  for  so 
long  as  a  epiarter  of  an  hour;  the*y  are;  also  not  atlecte*d  by  weak  acids. 

304.  Bacilli.  —  The  woi-d  bacillus  lit(*rallv  ine*ans  a  stick  or  rod,  and 
is  iipplie'd  to  the*  organisms  of  this  gi*nus  bee*ause  of  their  rod-like  shape*. 
The;  ce*lls  are*  lemg  anel  cylinelrical  anel  occui*  att!iche*el  to  each  eether,  thus 
forming  reiel-like*  iilame*nts  of  e*onsiele*i'able  le*ngth.  The*re*  is  little  or  ne) 
const rictieen  at  the*  jeeints,  which  with  hew  micreescopic  janvers  are*  scairely 
obse*rvable*.  'J'he*y  incre*ase  by  splitting  transve*rse*ly,  anel  |•e*pre'teluce*  hv 
spe)re*s.  Bacteria  and  bacilli  are*  close*ly  allie*el  ge*ne*ra,  some*  si)e*cie*s  of 
tlie*  one*  cle)se*ly  re*se*mbling  spe*e*ies  of  the*  eether.  In  the  ve*i'y  long  ce*lls 
of  bacteria  the*  t I'ansve'rse*  elivisions  may  he*  eh'tccte'd,  while  in  the*eeiually 
long  ce*lls  of  bacilli  no  trace's  of  division  can  be  se*en.  Bacilli  are*  some- 
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times  motile,  but  after  a  time  pass  into  a  condition  of  rest,  or  zoo^lo'a 
stage.  The  long  threads  of  bacilli  oftcm  assume  a  zig  zag  or  bent  foTun  ; 
and  unless  sulijected  to  very  careful  examination,  ajipc'ar  to  bo  contimn 
ous.  Pasteur’s  tilaments  of  turned  beer  “  consist  of  bacilli." 

305.  Bacillus  Subtilis. — This  Oi-ganism  is  alzo  termed  “  I'ibria 
si/blilis,”  and  is  largely  pre.sent  in  air.  Owing  to  its  being  tin*  pre- 
•  lominant  organism  produced  when  an  aqueous  infusion  of  hay  is  ex- 
])ose<l  to  the  air,  it  is  frecjuently  referred  to  as  the  bacillus  of  hay. 
The  cells  are  cylindrical,  and  grow  to  about  G  mkms.  in  length,  and  are 
provided  with  a  tlagellum  at  either  end.  They  usually  occur  adherent 
to  each  other,  forming  long  Glaments,  as  shown  in  Plate  Y. 

The  term  ‘‘  vibrio"  applied  to  certain  forms  of  schizoriycetes,  is  derived 
from  their  appearing  to  have  a  wriggling  or  undulatory  motion  ;  this 
effect  is  illusory,  being  actually  caused  liy  tbeir  rotating  on  their  long 
axis. 

An  enlarged  illustration  of  B.  subtilis  is  given  in  the  following 
tigure,  16. 


FIG.  i6. — Bacillus  .Subtilis  y.  i,ooo  (after  Dallinger). 


They  increase  by'  transverse  division,  and  reproduce  by  spores.  As 
the  spore  formation  of  B  subtilis  has  been  most  carefully  observed,  a 
description  of  its  mode  of  reproduction  will  be  of  service  as  a  type  of 
that  of  the  schizomycetes  generally.  In  spore  formation  the  protoplasmic 
contents  of  the  cell  accumulate  at  tlu'  one  end,  causing  an  enlargement 
there  ;  the  re.st  of  the  cell  after  a  time  drops  off  and  dies  ;  the  maturi' 
.spore  may  then  live  for  even  years  without  losing  its  vitality'  ;  and  being 
of  extreme  minuteness,  these  spores  permeate  tlie  atmo.spliere,  and  arc* 
ever  ready  to  germinate  on  finding  a  suitable  medium.  Jn  the  act  of 
germination  the  spore  splits  its  membrane  open,  :ind  a  new  rod  grows 
and  projects  through  the  oiiening.  The  dry  spores  are  extremelv 
tenacious  of  life,  and  withstand  boiling  for  an  hour  in  water  without 
losing  their  vitality.  8ome  three  or  four  consecutive  boilings  in  a  flask 
plugged  with  cotton  wool,  with  a  fcov  houis’  interval  between,  an' 
necessary'  to  (‘iisun^  sti'rilisation  from  this  organism. 

^  arious  writers  impute  dill'erent  sjiecihc  fermentative  actions  to  P. 
subtilis,  but  it  is  doubtful  whether  the  jiroduction  of  any'  jiarticular 
chemical  compound  should  Ix^  associated  with  it.  It  is  ('ssentially  the 
organism  of  putrefaction,  and  eii'ects  the  decomjiosition  both  of  nitro¬ 
genous  and  carbonaceous  bodies  witb  tlu^  evolution  of  mal-odorous 
gases.  Potli  it  and  />’.  tcruio  are  stated  to  jiossc'ss  the  powei'  of  pe]>- 
tonising  proteids,  this  operation  being  a  preliminary  to  their  further 
conversion  into  leucin,  tyrosin,  and  allied  bodies. 

306.  Diastasic  Action  of  Bacteria.  -  -This  latti'r  action  is  a 
consequence  of  the  property'  possessed  by  tlu'  bacteria  of  attacking  jiro- 
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teid  bodies  and  eoii verting  tliein  into  j)e)>toneH  Woi'tinann  liasflevoted 
considerable  attention  to  the  ijavestigation  of  tlie  j)rol)leni  wli(*ther  or 
not  bacteria  have  any  action  on  starcli  :  wliether  or  not,  by  tiie  secre¬ 
tion  of  a  stai'ch-transforining  substance  similar  to  diastase,  or  iii  any 
othtu-  but  not  ch'arly  dcdined  way,  tliey  are  capable  of  transforming 
starch  into  soluble  and  ditl'usible  com])ounds.  In  order  if  possilile  to 
obtain  a  solution  of  this  problem,  \V(jrtmann  (*xp(>riinented  in  the 
following  manner  : — 

To  about  20  or  25  c.c.  of  water  a  mixture  of  inorganic  salts  (sodium 
chloride,  magnesium  sulphate,  ])otassium  nitrate,  and  acid  ammonium 
phosj)hate,  in  ecpial  }iro])ortions)  was  added  to  the  extent  of  1  ])er  cent. 
The  same  (piantity  of  solid  wheat-starch  was  next  added,  and  tin*  litiuid 
then  inoculated  with  one  or  two  di'ojis  of  a  strongly  bacterial  solution  ; 
shaken,  coi’ked,  and  allowed  to  remain  in  a  room  at  a  temperature  of 
18°  to  22°  C.  ( Bacterium  termo  was  the  jiredominating  organism  in 
the  inoculating  tlLiids  employed.)  In  fi'om  five  to  seven  days,  the  tirst 
signs  of  commencing  corrosion  of  the  starch  granules  had  bt'Coine  visible, 
the  larger  grains  Ixung  tirst  attacked,  and  much  later,  when  these  had 
almost  completely  flisajjpeanal,  those  of  lesser  size. 

In  a  second  series  of  ex])eriments,  soluble  starch  was  suljstituted  for 
the  solid  form,  the  progress  of  the  reaction  being  watclu'd  by  the  aid  of 
iodine.  Samples  taken  from  time  to  time  exhibited  at  tirst  the  blue 
colour,  then  violet  or  dark  red,  ]);issing  to  wine  red,  and  linally,  when 
the  stjii'ch  had  <lisa})peared,  underwent  no  change. 

A\dieat-starch  grains  are  found  to  be  by  far  the  most  readily  attacked 
by  bacteria  when  cnm])ared  with  other  vai'ieties,  in  sevei’al  e.xperiments 
having  (!V(>n  comphdely  disappeared  before  otluu'  sorts  of  starch  were 
<ittiicked.  (df  a  nund)er  of  starches,  that  of  jiotatoes  alone  (mtirely 
resist(‘d  attack.  When  wheat  starch  in  the  solid  state  was  mixed  with 
starch  solution  or  with  starch  paste,  the  solution  became  entirely  (and 
the  paste  in  greater  jiart)  changed  before  any  action  occurred  on  the 
solid  granules. 

With  regard  to  this  uiuapial  power  of  resistance  shown  by  dill’erent 
kinds  of  starch,  Wortmann  concludes  from  his  fui’ther  observations  that 
the  dillerence  of  rapidity  with  which  a  given  kind  is  attacked  and  dis¬ 
solved  liy  ii  fernumt  is  inversely  })i'nportional  to  its  density,  jirovided 
always  that  tin;  granules  in  (piestion  are  entire  and  uninjured  by  cracks 
or  tissiu'i's.  In  the  same  way  aia;  (“.xj)lain(‘d  the  dill'enmca’s  in  jtoint  of 
time  in  which  gi'anules  of  tlu^  same  kind  ai'c  sometimes  observed  to 
undei-go  change  accordingly  as  they  ai'e  intact  or  otherwise. 

Tlai  causi“  of  potato-starch,  or  of  b(“an-starch,  and  even  umU'r  certain 
i-onditions,  wheaten  starch,  l•(‘sisting  attack,  in  sjutt'  of  tin*  abundant 
pi’esenc(^  of  bacteria,  is  apj)arent!y  to  be  sought  for  in  tlu'  fact  that- 
other  moi'(‘  easily  acccissibh*  source's  of  cai'bon  nutriment  wei’('  also  jerc- 
sc'iit,  certain  pi-oli'id  constituents  of  tin*  jeotato  slice's,  eir  eef  the;  beans 
e'mploye'd  allbrding  this  moree  re'adily  than  the'  starch  granule's,  just  as 
in  the'  e'.xjie'rime'iits  abeevee  cite'el,  witli  whe'ate'ii  starch  seilutiem  iinel  seeliel 
wlmate'ii  stiii’ch,  tlie'  feei-me'i'  was  lere'fe're'iitieilly  attackeel  ;  emly  eitte'r  all, 
or  at  least  the'  chie'f  portieeii,  e)f  the'  prote'iels  jere'se'iit  hiiel  be'e'ii  use'el  up, 
was  the*  starch  in  these  case's  attackeel. 
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Aiiotlier  point  was  also  ostablisliod  in  tlie  courso  of  tlioso  nxpcrinipnts 
-that  if  air  is  exchuli'd,  no  appt'arancn  of  coi'rosion  or  solution  of  tlio 
starc-li  ,1,0-anules  are  inanif(!sted. 

That  the  starch  in  tlie  process  became  cliaiii^ed  in  ])art  to  ,<,ducose  was 
easily  ascertained  liy  testini^  with  Kehlin,u;’s  solution,  and'''a  detailwl 
series  of  exj>eriments,  made  with  a  view  to  eliminatinix  if  ]>ossil)le  the 
ferment  itself,  yielded  evidence  showin<f  that  bacteria  i)ossess  the  re- 
markal)le  propertv  of  producing  a  starch  transforming  ferment,  onlv 
wlieii  no  source  of  carbon  other  than  starch  is  at  their  disposal,  and 
this  ferment  is  incai)able  of  clianging  albumin  into  i)eptoiie,  just  as  in 
the  case  of  diastase.  The  results  of  Woi-tmann’s  researches  mav  be 
briefly  reca})itulated — 

1.  Bacteria  are  capable  of  acting  on  stai  ch,  whet  her  in  the  solid  state 
as  paste,  t)r  in  solution,  in  a  manner  analogous  to  diastase. 

2.  As  in  the  case  of  diastase,  diti'erent  kinds  of  starch  are  attacked 
by  bacteria  with  ditferent  degrees  of  rajiidity. 

3.  1  he  action  of  bacteria  on  starch  is  manifested  only  in  the  absence 

of  other  .sources  of  carbon  nutriment,  and  when  acce.ss  of  air  is  not  pre¬ 
vented.  ^ 

4.  The  action  of  bacteria  on  starch  is  effected  by  a  substance  secreted 

by  them,  and  which,  like  diastase,  is  soluble  in  water,  but  precipitable 
by  alcohol.  ^ 

5.  This  substance  acts  precisely  as  diastase  in  changing  starch  into 

a  suguir  capable  of  reducing  cupric  oxide,  but  is  not  possessed  of  pep- 
tonising  jiroperties.  ^ 

These  results  of  ortmann’s  are  ([noted  at  .some  length  because  of 
th(“ii  lieaiing  on  the  action  of  bacteria  in  dough.  One  most  important 
point  is,  that  the  diastasic  action  of  bacteria^  or  their  secretions,  onlv 
occurs  in  the  absence  of  jirob'id  matter,  which  is  the  substance’ most 
.specially  suited  for  the  development  of  these  organisms;  consecpientlv 
with  the  (exception  of  the  tran.sformation  of  sugar  more  or  less  into 
lactic  acid,  the  carbohydrate's  are  unattacked  by  i\\K-  schizoinycetes  during 
norimd  dough  fermentation.  The  bacteria  cau.se  more  or  less  chaime  iii 
proteids,  but  exert  no  diastasic  action.  These  [iroteid  changes  are,  by 
the  way,  unaccomiianied  by  any  ajipreciable  evolution  of  ga.si’  ’  " 

It  will  be  noticed  that  Wortmann  expri'sslv  states  that  the  bacteria 
have  no  pi-ptonising  action  ;  while  it  is  also"  as  e.xpressly  stated  that 
they  readily  attack  the  proteids.  He  does  not  state  what  substance's 
he  finds  produced  by  this  action.  The  opinion  is,  neverthehjss,  verv 
..generally  held  that  pc'jitones  are  j)roduc('d  during  changes  which  occuV 
•fluring  the  fermentation  of  dough,  and  it  has  bi'en  suiijio.sed  that  Ihe 
dmcteria  were  the  active  agents.  4’hus,  Pc'ters  describes  a  bacillus 
•which  he  found  among  the  organisms  of  leaven  which  po.s.sessc's  a 
ipeptonising  jiowc'r. 

307.  Putrefactive  Fermentation.  -Putrc'faction  is  that  change 

■-by  which  most  organic  bodi(;s  containing  nitrogen  in  a  jiroteid  form  are 
-first  rc'solvc'd  into  substanci's  having  a  most  [uitrid  odoui-,  and  ultimately 
mito  inorganic  products  of  oxidation.  Bacterium  terma  and  />’.  siibtifis 
■  lave  alremly  bec'ii  mentioned  as  the  princi[)al  organisms  of  putrefaction. 
fPasteur  dividc's  the  act  of  putrefaction  into  two  distinct  .stagi's,  which 
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it  will  be  well  hen*  to  describe.  On  (!.xposiii^  ii  putrescible  licpiid  to  the 
iiir,  there  forms  on  the  surface  a  film  comj)Osed  of  bacteria,  A’c. ;  tlie.se 
completely  exclude  any  oxyiijen  from  the  litiuid,  by  themselves  raj)idly 
absorbing  that  gas.  Jleneath,  other  more  active  organisms,  which 
Pasteur  grouj)s  together  under  the  name  of  “  act  as  ferments 

on  the  proteid  matters  of  the  li<juid,  and  flecompose  them  into  simpler 
products  ;  the.se  simjiler  products  are  in  their  tuim  oxidised  still  further 
by  the  surface  bacteria.  Pasteur  ])ractically  defines  putrefaction,  or 
putrid  fermentation,  as  fermentation  without  oxygen. 

308.  Action  of  Oxygen  on  Bacterial  and  Putrefactive 

PerroentS. — Pasteur  draws  a  hard  and  fast  line  between  certain  bacteria 
which  he  attirms  livt?  in  oxygen,  and  absolutely  recjuire  it,  and  others  to 
which  oxygen  acts  as  a  j)oison  ;  to  which  latter  class  he  states  that  the. 
vibrios  belong.  This  name  is  used  by  him  seemingly  to  refer  to  those 
micro-oi’ganisms  which  are  in  active  motion.  Of  the  bactcrii  of  the 
lirst  tyjKg  he  mentions  that  if  a  drop  full  of  these  organisms  be  placed 
on  a  glass  slide,  and  examined  with  a  microscope,  there  is  soon  a  cessa¬ 
tion  of  motion  in  the  centre  of  the  drop,  while  those  bacteria  nearest 
the  edges  of  the  cover  glass  lemain  in  active  movement  in  consequence 
of  the  sup|)ly  of  air.  On  the  other  hand,  if  a  drop  of  licjuid  containing 
the  vibrios  of  putrefactive  fermentation  be  studied  in  a  similar  way, 
motion  at  once  ceases  at  the  edge  of  the  cover  glass  ;  and,  gradually,  from 
the  circumference  to  the  centre,  the  penetration  of  atmospheric  o.xygen 
arrests  the  vitality  of  the  vibrios.  Pasteur  thus  divides  the  bacteria 
into  an  lerohian  and  an  ana'robian  variety  ;  the  former  recpiire  oxygen, 
the  latter  tind  it  a  poison,  and  live  ami  thrive  Ijest  in  its  total  ab.sence. 
In  proof  of  this  vi(>w  he  describes  o>2)eriments  of  a  most  careful  charac¬ 
ter  made  by  him. 

309.  ConditioDS  Inimical  to  Putrefaction.  First  and  fore¬ 
most  among  these  is  the  beeping  out  of  the  germs  of  jmtrefactive 
ferments  from  the  substance.  Meat  and  j)roteid  bodie.s,  generally,  have 
come  t(j  be  ordinarily  viewed  as  very  changeable  substance.s,  whereas  in 
the  ab.sence  of  germ  life  they  are  veiy  stable  bodies.  Putn'faction  is 
llu;  concomitant,  not  of  death  but  of  life.  If  animal  lluiils  are  drawn 
oil'  into  sterilisi'd  vessels  without  access  of  air,  tlit'y  keep  for  an  indelinite 
length  of  time.  Or  the  germs  may  l)e  destroyed  by  heat,  when  putre- 
scible  sul)stances  al.so  i-emain  unchanged.  This  lattf'r  is  tlu'  basis  of 
Ajipert’s  methods  for  the  preservation  of  animal  substances.  These 
methods  consist  of  exposing  the  substances  to  a  sutliciently  high  tem- 
})(u'ature  in  hermetically  sealed  vessels  ;  or  they  may  be  heated  in  vessels 
so  ai'ranged  that  air  may  (‘.scape,  but  that  any  re-enU'ring  shall  be  fived 
from  bacterial  germs  either  by  passing  through  a  red-hot  tube,  or  by 
being  tiltered  through  a  thick  layer  of  cotton-wool. 

Tinned  nujats,  milk,  it:c.,  are  presc'rved  on  this  principle  of  Aiqiert’s. 

Putrefaction  may  be  arrested  by  intense;  cold,  although  i‘V(‘n  freezing 
bacteria  does  not  destroy  their  j)oW(‘r  of  inducing  putrefaction  when 
again  warmed.  As  a  conseepience  of  this  action  of  cold,  nu'at  when 
thoroughly  frozen  may  be  pre.served  almost  indelinitely.  Tlu'  absence; 
of  water  is  another  preventiitive  of  jiutrefaction.  Vegetables  and  mi'at, 
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if  tlior()ii_<j;li]y  desiccated,  sliow,  on  kee])ing,  lu)  siijns  of  piitrefyiiii;.  In 
the  same  ^^a\,  yeast,  although  in  tlie  moist  statf!  one  of  tlie  most  j)uti'p- 
scihle  substances  known,  may,  hy  heiiii^  carefully  dried,  he  kept  for 
months,  not  merely  without  putrefyins',  hut  also  without  clestroyim--  the 
life  of  the  cell. 

310.  Products  of  Putrefaction.  -  These  are  e.xceedingly  numer¬ 
ous  and  complex,  among  them  may  he  found  volatile  fatty  acid's,  hutyric, 
ami  other  of  the  series  ;  ammonia,  and  .some  of  the  compound  or  suhsti- 
tution  ammonias  j  ethylamine,  trimetliylamiiie,  j)ro2)ylamine.  Are.  j  carbon 
•dioxide,  suljdmretted  hydrogen,  hydrogen,  and  nitrogen. 

LACTIC  AND  OTHER  FERMENTATIONS. 

311.  Lactic  Fermentation.^ This  is  iirimarily  the  fermenta¬ 

tion  hy  means  of  which  milk  becomes  sour.  The  chemical  change  is  a 
very  simple  one.  IMilk  contains  the  variety  of  sugar  known  as  lactose 
or  sugar  of  milk,  I'.y  hydrolysi.s,  this  .sj-lits  up  into  two 

molecules  of  a  glucose  called  lactose,  galactose,  or  lacto-gluco.se, 

hen  subjected  to  the  inlluence  of  tlie  lactic  ferment,  lacto- 
gluco.se  is  clecomjiosed  according  to  the  following  equation  : _ 


Lacto  Glucose. 


2  IIC^HA- 


Lactic  Acid. 

Ordinary  glucose,  and  also  cane-sugar  and  maltose,  are  suscejitihle  of 
the  same  transformation.  Fiom  numerous  recent  researches,  there  is 
evidence  of  a  number  of  organisms  which  possess, s  the  power  of  jiroduc- 
ing  lactic  acid  hy  the  conversion  of  glucose.  One  or  more  of  these  is 
a  ways  found  iiresent  in  greater  or  less  quantity  in  commercial  veasts 
also  on  the  surface  of  malt;  in  the  latter  ca.se  it  may  he  detecW  by 
Avashing  a  few  of  th(‘  grains  in  water,  and  then  examining  the  liquid 

under  the  microscojie.  Its  shape, 
according  to  Lister,  when  devel¬ 
oped  in  milk,  is  shown  in  the 
acconqianying  illustration.  When 
viewed  with  a  lower  power  in  a 
lield  of  yeast,  the  lactic  ferment 
aiijicars  as  small  elongated  cells 
somewhat  constricted  in  the  middle, 
gfnerally  detached,  hut  occurring 
.sometimes  in  twos  and  threes  ;  their  length  is  about  half  that  of  an  or¬ 
dinary  yeast  cell.  When  single  they  exhibit  the  Brownian  movement. 

Lactic^  fermentation  proceeds  most  favourably  at  a  temperature  of 
aliout  3a°  C.,  and  is  retarded  and  practically  arrested  at  a  temiierature 
'V  iich  .still  jiermits  the  growth  ami  development  of  the  yeast  organism, 
and  comseiiuent  alcoholic  fermentation.  For  this  reason  brewers  alway.s 
take  care  to  ferment  their  worts  at  a  low  temperatuiv,  thus  i.reventimr 
he  lactic  ferment,  which  is  always  more  or  le.ss  i)resent,  fiom  any 
tc^iid  development.  The  other  bacterial  and  allied  ferments  are  al.so 
atlected  in  a  similar  manner  by  temperature.  Dilute  solutions  of 
carbolic  and  salicylic  aci.Ls  (and  also  hydrofluoric  acid)  greatly  retard 
lactic  fermentation,  while  m  such  very  weak  .solutions  tliey  have  but  little 


fig.  17. 


-Bacleriunt  Lactisx  1140 
(after  Lister). 
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action  on  the  yeast  or<;anisin  ;  hence  yeast  is  sometimes  puritiecl  hy  Ijointr 
rejieatedly  grown  in  worts,  to  which  small  quantities  of  tliese  acids  liave 
been  added.  The  most  favourable  medium  for  lactic  fermentation  is  a 
.saccharine  solution  ratlu'r  more  dilute  than  that  used  for  cultivatiim- 

O 

yeast,  and  containing  proteids  in  an  inci[)ient  stage  of  decompo.sitifin. 
The  analogy  between  this  f(*rnientation  ami  the  alcoholic  is  close, 
because  the  two  may  proceed  side  by  side  in  the  .same  liquid.  Tin* 
presence  of  acid  is  inimical  to  lactic  fermentation  ;  hence  the  fermenta¬ 
tion  arrests  itself  after  a  time  by  the  development  of  lactic  acid  ; 
jirovided  this  is  neutralised  fiom  time  to  time  l)y  the  addition  of 
carbonate  of  lime  or  magnesia,  the  fermentation  proceeds  until  the 
whole  of  the  sugar  has  disappeared.  In  a  slightly  acid  li(juid,  as  for 
instance  the  juicc'  of  the  grape,  alcoholic  fermentation  proceeds  almost 
alone;  but  with  wort,  which  is  much  more  nearly  neutral  (if  made  with 
good  malt),  lactic  fermentation  sets  in  with  readiness,  and  consequently 
has  to  be  specially  guarded  against.  Some  varieties  of  the  lactic  acitl 
ferment  re<juire  air  for  their  growth  and  clevelo])ment,  while  others  are 
anau’obic  in  their  character. 

In  addition  to  its  si)ecitic  action  on  glucose,  converting  it  into  lactic 
acid,  the  lactic  ferment  has  other  functions  of  importance  in  commercial 
operations  :  thus,  the  ju’csence  of  lactic  ferment  germs  on  malt  result  in 
the  formation  of  a  little  lactic  acid  during  the  mashing  ;  in  distillers’ 
mashes  this  is  found  to  be  somewhat  valuable,  and  is  encouraged,  as  it 
apjiarently  helps  to  effect  a  more  complete  saccharitication  of  the  malt, 
and  consecpiently  increases  the  j’ield  of  aJcohol.  It  also  peptoiii.ses  the 
proteids,  bringing  them  into  a  condition  more  adapted  for  the  nutrition 
of  yeast.  Distillers,  therefonq  fre([uently  allow  their  malts  to  develop 
considerable  acidity  before  using  them,  and  give  new  mash  tuns  a 
coating  of  sour  milk  befoi-('  bringing  them  into  use.  In  l)read-making, 
by  the  Scotch  system,  the  jiresence  of  the  lactic  ferment  is  deemed  to 
make  better  bread  :  luthei-  the  ferment,  or  the  lactic  acid  produced, 
softens  and  renders  the  gluten  of  the  Hour  more  elastic. 

Hansen’s  methods  have  recently  been  applied  to  the  ])reparation  of 
pure  cultivations  of  lactic  bunients,  with  the  view  of  securing  a  more 
.satisfactory  acidilication  of  cream  prejiaratoiT  to  its  being  made  into 
laitter.  Two  distinct  species  have  been  isolated,  which  give  jiarticularly 
favourable  results  in  butter-making  ;  oiu'  of  these  is  stated  by  Storch 
to  give  a  ]mr(‘  and  mild  slightly  sour  taste,  imparting  at  the  same  time 
a  very  pure  aroma  to  the  cream  and  buttcu-  made  therefrom.  Thei’c 
are  othei-  lactic  acid-foi'ining  bacteria,  which,  on  th('  contrary,  produce- 
diseases  in  milk;  thus,  one  specie-s  causes  tlu>  milk  to  become  viscous  at 
the  sanu-  time  as  it  undergoes  lactic  b-rmentation.  Further,  certain 
bact(-ria  induce  a  tallow-like  flavour  in  buttc-r.  Mot  only  may  we  havt- 
a  f(-rmentation  ])roducing  lactic  acid  as  distinct  from  otln-r  acids,  but 
also  there-  are-  elill'e-rentiations  in  the  chaiacte-r  eif  the-  seconelary  pro¬ 
ducts  fen-me-el  at  the  sanm  time  as  the  lactic  aciel,  ami  which  seceeiulary 
proelucts  alle-ct  most  vitally  the-  succe-ss  or  othe-rwise  eef  the  jiarticular 
]ii'oce-ss  from  its  manufacturing  stanelpoint.  It  is  meere  than  peessible- 
that  th(-se  variatieens  in  the-  nature-  eef  lactic  fermentation  itse-lf  may 
leave-  a  elire;ct  bearing  on  the  success  of  breael-making  eqierations. 
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Even  at  tlie  risk  of  taut()lo,i>y,  it  must  again  bo  stated  tliat  lactic 
fermentation  cannot  jiroceed  without  the  intervention  of  one  of  the 
organisms  knowji  as  lactic  fei'inents,  and  that  the  yeast  organism  per  se 
never  produces  the  least  trace  of  lactic  acid. 

312.  Butyric  Fermentation.  -  At  the  clo.se  of  the  lactic  fer¬ 
mentation  of  milk,  the  lactic  acid  or  lactic  salts,  as  the  case  may  he, 
seem  to  he  acted  on  hy  ferment  organisms  and  converted  into  butyric 
acid  with  the  evolution  of  carbon  clio.xide  and  hydrogen — 

=  HCJIA  +  2C(\  +  2H2. 

Lactic  .Aci<l  Hutyiic  .Vcid.  Carbon  Dioxide.  Hydrogen. 

Several  species  of  bacieria  are  capable  of  inducing  butyric  acid  fer¬ 
mentation.  The  most  carefully  examined  among  these  is  Clostridium 
butyricum^  known  also  as  Vibrio  butyricus^  which  occurs  in  the  fm-m  of 
short  t)!'  long  rods,  and  is  in  shape  and  general  appearance  very  similar 
to  B.  subti/is,  differing,  however,  from  that  organism  in  that  it  contains 
starch.  In  breweries  and  pressed  3'east  factories,  Inityric  fermentation 
is  often  caused  ly  organisms  of  altogether  different  tj’pe  to  C.  butyricum. 
This  particular  organism  is  aiuerobic  in  chai’acter,  but  others  of  the 
species  producing  butyric  acid  are  distinctly"  tolerant  of  oxygen.  The 
general  conditions  of  butyric  fermentation  are  similar  to  those  of  lactic 
fermentation.  A  temperature  of  about  40°  C.  (104°  F.)  is  specially 
suitable  ;  the  presence  of  acids  is  to  be  avoided  ;  or  where  butyric 
fermentation  is  not  wished,  its  prevention  is  more  or  less  attained  by 
working  at  a  lower  temperatui’e  and  with  a  slightly  acid  liquid.  How- 
evei‘,  with  the  fully  developed  organism,  a  slight  acidity  is  unaVde  to 
])revent  butyric  fermentation.  Although  butyric  fermentation  is 
usualU"  ])receded  by"  lactic  fermentation,  the  butyric  ferment  is  also 
capable  of  acting  directly  on  sugar  itself,  and  also  on  starch,  dextrin, 
and  even  cellulose. 

Tannin  has  a  markedly  prejudicial  effect  on  the  growth  and  develop¬ 
ment  of  bacterial  life,  hence  the  addition  of  this  substance,  or  any  com¬ 
pound  containing  it,  to  a  fermenting  liquid,  exercises  great  preventive 
action  on  the  development  of  lactic  and  buty"ric  fermentation.  Hops 
contain  tannin  as  one  of  their  constituents,  and  also  the  bitter  prin¬ 
ciples  of  the  hop  cause  a  hoi)ped  wort  to  be;  much  less  liable  to  lactic 
fermentation  than  one  utdiopped.  Foi"  a  similar  reason,  bakers  add 
hops  to  their  patent  yeast  worts. 

313.  AcGtic  Fermentation. — Certain  organisms  ellect  the  change 
of  wine  and  beer  into  vinegai".  The  reaction  is  one  of  oxidation  of  the 
alcohol  present ;  in  the  tirst  ])lace,  aldehyde  is  formed,  and  then  this  body 
is  o.xidised  into  acetic  acid,  according  t<»  the  bdlowing  e([uations  : — 

•2C24I,H0  +  O,,  =  2C.,H.O  -f-  2H.,0. 

Alcohol.  0.\ygcii.  AUleliyde.  Watfi-. 

2C.,H,()  +  O.,  =  21IC.,HA- 

Aldehyde.  Oxygen.  Acetic  Acid. 

Pasteur  de.scribed  under  the  name  of  Mveoderma  aceti  an  organism 
thrrjugh  whose  agency  alcohol  is  oxidised  into  acetic  acid.  Hansen  hus 
detected  two  distinct  species  under  this  name,  distinguished  l>y  tlui  oiu' 
staining  yellow,  and  the  other  blue,  with  iodine  solution.  Both  ]>ossess 
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tlie  same  chemical  properties,  and  in  order  to  develop  vi<,mrously  i-etjuirc 
a  plentiful  supply  of  oxygen.  They  are,  in  fact,  strictly  lerohic.  A 
temperature  of  about  33"  C.  is  the  most  favourable  to  the  production 
of  acetic  fermentation.  Bacterium  aceti  also  converts  pro])yl  alcohol 
into  propionic  acid,  but  is  without  action  on  either  butyl  alcohol  or  the 
amyl  alcohol  of  fermentation. 

Bacterium  aceti  foi-nis  a  mycelium  on  the  surface  of  liquids,  possess¬ 
ing  a  certain  amount  of  tenacity  :  viewed  under  the  microscope,  this 
mycelium  is  seen  to  consist  of  chains  of  cadis,  as  shown  in  Plate  V. 

In  the  substance  known  as  “  mother  of  vinegar  ”  or  the  vinegar 
plant,  long  supposed  to  be.  identical  with  B.  aceti,  A.  J.  Jlrown  dis¬ 
covered  a  separate  organism,  which,  in  addition  to  producing  acetic 
acid,  is  also  marked  by  the  propert}’’  of  causing  the  formation  of 
cellulose  ;  to  this  he  has  given  the  name  of  Bacterium  xyii?ium. 

Peters  has  discovered  in  e.xtremely  old  and  sour  leaven  an  acetic 
acid  bacterium,  distinct  from  those  just  descidbed.  The  individuals 
are  about  PG  //,  long,  and  0'8  fi  broad,  truncated  at  one  end,  and  taper¬ 
ing  at  the  other.  Interccst  attaches  to  the  isolation  of  this  specific 
organism,  inasmuch  as  a  small  ju’oportion  of  the  acidity  of  bread  is  due 
to  acetic  acid. 

A  temperature  below  18°  C.  is  almost  inhibitory  to  the  action  of  the 
acetic  acid  ferment,  while  most  antiseptics,  and  especially  sulphur 
dioxide,  are  exceedingly  inimical  to  acetous  fermentation. 

314.  Viscous  Fermentation. — Viscous  fermentation  is  that 
variety  which  causes  “  I'opy  beer.”  Pasteur  su)iposed  this  to  be  due  to 
an  orgajiism  consisting  of  glol)ular  cells  of  fr(jm  1"J  to  P  I  /x  in  diameter, 
adhering  together  in  long  chains.  Moritz  and  i\lori'is,  who  have  de¬ 
voted  particular  attention  to  this  subject,  disagree  with  Pasteur’s  views, 
and  ascribe  roinness  principally  to  a  fernumt  known  as  Pediococcus 
cercvisiiC.  This  organism  occurs  either  in  pairs  of  cells  or  tetrads  (/>., 
four  cells  arranged  in  the  coi'iiers  of  a  square),  diameter  of  each  cell 
being  0’9 — P5  /x.  These  organisms  are  similar  in  appearance  tt)  those 
marked  />,  Figure  15.  Peer,  after  having  undergone  this  fermentation, 
runs  from  the  tap  in  a  thick  stream  ;  and  in  very  bad  cases,  a  little, 
when  placed  between  the  finger.s,  j)ulls  out  into  strings. 

A  somewhat  similar  condition  sometimes  holds  in  liread,  which  then 
is  termed  rojiy  bread  ;  it  is  possibly  due  to  the  .same  cause. 

315.  Disease  Ferments.  The  ferments  of  lactic,  viscous,  and 
other  than  alcoholic  fermentation,  are  frecjiiently  calleil  ‘‘ disease  fer¬ 
ments,”  from  their  producing  unhealthy  or  diseased  fermentations  in 
beer. 

316.  Spontaneous  Fermentation.  In  this  country,  alcoholic 
fermentation  is  usually  started  hy  the  addition  of  more  or  less  yeast 
from  a  previous  brewing  ;  it  was  formerly  tiu'  custom  to  allow  the  fer¬ 
mentation  to  start  of  its(‘lf.  This  is  .said  still  to  be  jiracti-sed  in  .some 
])arts  of  Pelgium  in  the  manufacturi'  of  a  variety  of  bi'cr,  known  as 
“Faro”  beei'.  In  manufacturing  such  Ix'ers,  the  vats  of  wort  are 
allowed  to  remain  exposed  to  the  air,  and  fi'rmentation  is  excited  by 
any  germs  of  yeast  that  may  tind  their  way  therein.  It  is  possible  that 
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un(l(M-  such  circinnstaiices  a  wort  may  only  he  iiuiirei,mate(I  by  yeast 
<ferius,  in  wliicli  case  ))ure  alcoliolic  fei'inentation  alone  will  be  set  up. 
It  is  far  mon'  likely,  however,  that  germs  of  lactic  ferment  and  other 
organisms  will  also  get  into  the  wort  :  coustMjuently  the  beer  will  be 
hard  or  sour,  and  also  likely  to  speedily  become  unsound.  On  the  other 
hand,  grape  juice  is  always  allowed  to  ferment  spontaneously,  but  then 
this  li(|uid  is  always  distinctly  acid,  tlnx)ugh  the  presence  of  jxjtassiuni 
Ihtartrate  ;  and  acidity  retards  or  prevents  bacterial  fermentation. 

lkik(>rs’  barms  or  i)atent  yeasts  are  at  times  allowed  to  ferment 
spontaneously  ;  they  are  then  found  to  contain  a  large  proi)ortiou  of 
foreign  organisms,  ju’incipally  the  lactic  feianent.  Except  where  very 
special  i)recautions  are  adopted,  they  are  liable  to  be  uncertain  in  their 
action,  and  often  produce  sour  bread. 

Jlut  in  all  cases  of  so-called  “  spontaneous  ”  fermentation  it  must  be 
remembered  that  the  fermentation  is  due;  to  the  ])resence  in  the  wort  of 
yeast  cells  or  spores  that  either  have  been  introduced  along  with  the 
malt  and  hops  without  b(*ing  destroyed,  or  else  have  found  ttusir  way 
into  the  wort  from  some  e.xternal  source,  such  as  germs  floating  in  the 
air.  It  is  also  freijuently  jiossible  that  a  suflicient  cjuantity  of  yeast 
I’emains  about  the  fermenting  vessel  from  the  last  brewing  to  again 
start  fermentation. 


MOULDS  AND  FUNGOID  GROWTHS. 

317.  The  nature*  of  tlnise  has  been  alix'ady  referred  to  in  Chapter 
IX.,  and  the  mould  of  beer,  Mycoderina  cerez’isue,  described  and  its  pro¬ 
perties  explained.  Hie  moulds  are  all  of  them  members  of  the  fungus 
family.  A  few  other  varieties,  because  of  their  having  more  or  less 
connection  with  the  suliject  of  this  work,  require  description. 

318.  Penicillium  Glaucum.  — This  is  the  ordinary  green  mould 
of  bread,  jam,  itc.  The  base  of  this  consists  of  a  mycelium  bearing  both 
submerged  and  aerial  hyplue.  The  upjier  ends  of  the  aerial  hyplne 
terminate  in  a  string  of  conidia  or  spores,  which  break  otf  on  the  slightest 
touch  ;  these  con.stitute  the  green  powder  which  gives  this  mould  its 
characteristic  ajipearance.  One  of  these  spores,  on  being  sown  in  an 
appropriate  medium,  as  hay  infusion  or  Pasteur’s  Iluid,  germinates  and 
produces  a  young  penicillimn.  The  conidia  I’etain  their  vitality  for  a 
long  time,  and  from  their  extreme  minuteness  are  readily  carried  about 
b^  the  air  j  h(*nce  substances  that  oiler  a  suitabh*  medium  for  the  growth 
and  development  of  moulds,  become  impregnated  on  being  exposed  to 
the  atmosphere. 

Under  favourable  circumstances pcntcillinni  develojies  with  e.xtreme 
rapidity  ;  some  few  yi'ars  since  the  barrack  bread  at  I’aris  M’as  attacked 
b}  this  fungus,  a  few  hours  was  sulllcii'iit  for  its  developnu'nt,  and  the 
mould  was  in  active  growth  almost  before  the  bread  was  cold.  It  is 
sUited  that  the  spores  (;f  this  sjiecies  are  capable  of  withstanding  the 
heat  of  boiling  water,  so  that  the  act  of  baking  an  infesti'd  Hour  would 
not  necessarily  destrcjy  the  spores. 

319.  Aspergillus  Glaucus.— T1  ns  is  another  mould  very  similar 

pefiiciUium  in  appearance  and  coloui',  but  having  at  the  ends  of  its 
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Iiyphic  small  <flol)ose  bodies  containiiig  thf>  sj)oi-es  ;  tliese  l)0(lies  being 
termed  sporangia. 

320.  MuCOr  Mucedo.  -Tins  mould  develops  well  tui  the  surface 
of  frc'sh  horse  dung ;  this  substance,  if  kept  warm,  will  be  found  after 
two  or  three  days  covered  with  white  filaments,  these  being  the  hyplue, 
anrl  termining  in  rounded  heads  or  sporangia.  In  form  J/.  mucedit 
somewhat  resembles  A.  glaiici/s,  but  is  distingui.shecl  from  it  by  having 
a  wliitish  aspect,  A.  g/tniciis  being  of  a  greenish  colour. 

321.  Micrococcus  Prodigiosus.  This  organism  consists  of 
round  or  oval  cells,  from  Od  to  1  mkm.  diameter.  These  are  at  first 


FIG.  i8. — Micrococcus  rrodiAosus,  Cohn  x  1200  (from  nature). 

colourless,  but  gradutilly  assume  a  blood-red  tint  :  they  grow  on  wlu'at- 
bread,  starch  paste,  itc.  J/.  prodigiosi/s  is  the  cause  of  the  ajapt'arance 
known  as  blood  rtiin  occasionally  seen  on  bread  :  at  times  the  growths 
proceed  so  far  as  to  produce  dripping  blood-red  j>atches  on  the  bread. 

322.  Red  Spots  in  Bread.  A  phenomenon  sometimes  confused 
with  the  effect  of  AT.  prodigiostis,  but  nevtu-theless  <juite  distinct  tlu're 
from,  is  that  of  intensely  red-coloured  spots  in  fivshly  baked  bread. 
Th(‘se  are  so  bright  as  to  lead  to  the  suspicion  that  concentrated 
tincture  of  cochineal  or  othei’  jiowerful  dye  had  by  accidmit  got  on  to 
the  dough  and  been  baked  with  it.  Fortunately  for  the  baker,  the 
occurnmci*  of  these  spots  is  rare,  and  conseipieutly  there  are  few  oppor¬ 
tunities  of  minutely  investigating  tlumi.  So  far  as  the  author’s  e.xpericmce 
goes,  the  spots  occur  most  freipiently  in  bread  made  from  tlour  of  the^ 
v('ry  highest  class,  such  as  Hungarian  jiatiuits  :  he  has  also  s(>en  tlumi 
in  liread  containing  a  large  admixture  of  Oregon  Hours.  Tlu*  spots  in 
bi-ead  do  not  increase  in  size  as  the  breail  grows  old,  nor  are  they 
apparently  associated  with  any  change  in  its  constituents  :  there  are 
no  signs,  in  fact,  of  the  colouration  bi'ing  due  to  tlu'  presence  of  any 
living  and  multiplying  organism.  It  is  ('xciH'dingly  dillicult  to  obtain 
specimens  of  the  colour  spots  in  unbaked  dough,  and  only  on  one 
occasion  has  such  a  spi'cimeii  conu'  into  tlu'  hands  of  the  author.  In 
that  case  a  small  patch  of  dough  was  sent  him  while  absimt  from  home, 
and  was  only  (‘xamineil  by  him  on  his  return  after  two  days.  The 
dough  had  then  got  a  slight  dry  skin  on,  but  theri*  w(>re  no  signs  of 
any  growth  or  spreading  in  the  dough  ;  so  far,  thend'ori',  as  any  con¬ 
clusion  may  be  drawn  from  (his,  it  is  against  the  soui'ce  of  colour  being 
any  organism  develojiing  in  the  dough.  Careful  miero.scopic  examina¬ 
tion  of  coloured  portions  of  the  brixid  show  in  the  faintin'  spots  that 
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while  the  starcli  is  unculoured,  tli('re  is  a  red  dyein<f  of  tlie  glut(“ii.  In 
tlie  larger  and  darker  sjtots  there  may  be  sonuhimes  seen  by  the' naked 
<‘ye  a  nucdeus,  which  is  so  dark  in  colour  as  to  la;  almost  black.  On 
breaking  down  a  little  of  this  nucleus  with  water,  and  examining 
microscopically,  the  author  has  invariably  found  fragments  of  the  outer 
integunuuit  of  the  grain.  Among  these  have  been  detected  i)ortions  of 
the  outside  layer  of  bran,  showing  its  characteristic  markings,  and  also 
hail’s  of  the  lieard  of  the  wheat,  .all  of  which  are  intensely  coloured. 
In  one  sample,  only  cursorily  examined  some  years  ago,  a  numlier  of 
tilaments  .somewhat  similar  to  cotton  wool  were  observed,  but  not 
identitied  ;  these,  too,  w’ere  coloured  a  vei’y  deep  red.  No  signs  of 
fungus  spores  or  other  speci.al  organisms  were  observable,  but  spores 
might  possibly  be  crushed  in  the  bre.aking  down  with  water.  The  lack 
4jf  material  for  jmrposes  of  further  examination  has  prevented  the 
author  from  carrying  these  investigations  beyond  this  point,  .and  such 
tests  as  are  hert>  n'corded  wei’e  made  some  two  years  .ago.  The  most 
probable  cause  of  the  colour  is  its  deposit  on  the  outside  of  the  gr.ain 
after  its  removal  from  the  husk  and  ])rior  to  its  being  milled.  It  is 
suggested  as  its  ])ossible  source  either  some  insect  of  the  cochine.al 
.species,  or  an  intensely  coloured  microscopic  veget.able  growth,  such  as 
a  mould.  These  minute  particles  of  outer  bran  carrying  the  colour  on 
the  surf.ace  are  sufficiently  tine  to  pass  through  the  dressing  silks,  and 
so  get  into  the  flour.  They  would  be  so  small  as  to  be  perfectly  in¬ 
visible  in  any  ordinal’}’  examination  by  the  naked  eye.  ()n  being 
w’etted  the  colour  sju’eads  and  stains  the  surrounding  gluten,  hence 
the  colour  in  the  dough,  which  remains  also  and  is  seen  most  distinctly 
in  the  baked  bread. 

323.  Musty  and  Mouldy  Bread. — Mouldiness  may  be  very 
often  noticed  in  bread  which  has  been  kejit  for  a  few  days  :  at  times  a 
loaf  of  one  day’s  production  will  remain  quite  sound,  w  Idle  .another  will 
rapidly  become  mouldy.  The  “  Analyst  ’’  of  October,  1885,  contains  an 
article  by  Percy  Smith,  giving  an  account  of  some  exjieriments  made  by 
him  on  musty  hread.  The  bread  when  new  had  no  disagreeable  taste, 
but  on  the  second  day  had  become  uneatable.  Smith  made  a  series  of 
experiments,  among  which  were  the  following  : — 

(a)  Musty  bread,  one  day  old,  soaked  in  w’ater,  enclosed  between 

watch  glasses. 

(b)  Flour  from  which  the  bread  wuis  made,  similarly  treated. 

In  six  days  a  had  begun  to  turn  yellow’,  emitted  a  disagreeable  odour, 
and  began  to  assunu;  a  moist  cheesy  consistency  .and  aiqiearance.  'J’his 
jiortion  was  found  to  be  swarming  with  bacteria.  On  /^,  nutcor  nuicedo 
grew  in  abundance;  tlie  Hour  ultimately  dried  up  without  further 
change. 

( c)  Sweet  bread  similarly  treated. 

Aspergillus  glaucus  appears,  but  no  niucor,  neither  does  th(>  bread 
become  ch(;esy  nor  evolve  odour  of  musty  bread,  ’riu;  following  are 
Smith’s  conclusions  bas(‘d  on  thes(;  .and  other  expei’iments. 

“  Oi’dinaiy  bread  tuiiis  mouldy  owing  to  the;  growth  oi  A.  }^laitcus. 
IMusty  bread,  on  the  other  hand,  yields  lioth  A.  glai/ci/s  and  JI.  //titcedo, 
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iind  tlien  underfioes  putrefactive  decomposition,  l)ecoming  the  liome  of 
vibriones  and  bacleria.  Tliese  organisms,  of  course,  can  have  nothing  to 
do  witli  tlie  mustiness  ;  the}' oid}'  tiijurisli  because  there  is  a  suitalde 
nidus  for  tlieir  growth.  It  is,  however,  curious  that  tlie  musty  l)r(*ad 
sliouhl  decay  while  tin*  sweet  liread  should  not,  whilst  the  mA'j  apparent 
dirl'erence  between  them  is  in  the  growth  of  M.  nnicedo.  The  sus])ect<‘d 
Hour  produces  an  abundant  crop  of  nincor,  but  does  mjt  d(‘cay.  This  is 
no  doubt  due  to  the  fact  that  starch  is  not  .so  suitable  a  nidus  as  is 
dextrin  for  bacteria.  Perfectly  pure  Hour  failed  to  flecompose  when 
kept  between  watch  glasses,  but  when  placed  in  a  damp  cellar  readily 
became  musty,  and  produced  a  crop  of  yl/.  nn/cedaP  He  further  con¬ 
cludes  that  this  fungus  is  the  cause  of  the  mustiness  in  the  cases  cited, 
although  other  species  may  possess  similar  jiroperties.  Smith  is  of 
opinion  that  of  the  musty  bread  and  Hour  supplied  to  him  the  following 
is  the  history  : — “  The  Hour  was  stored  in  a  damp  place,  causing  fungoid 
growth  ;  to  avert  decomposition,  the ptour  tvas  then  baked.”  (This  idea 
occui-red  through  the  Hour  having  a  dark  colour,  as  though  charred.) 
AVhen  the  bi'ead  was  baked,  the  assimilation  of  moisture  regenerated 
the  fungus,  thus  causing  the  bread  to  become  musty,  for  which  result  it 
is  not  necessary  f(.)r  the  plant  to  arrive  at  maturity  ;  the  disagreeable 
taste  Ixung  developed  as  soon  as  Hocci  are  visible  under  the  microscope. 
Mneor  has  apparently  a  specific  chemical  action  on  bread  that  is  not 
2)oss(‘ssed  liy  Aspergillus  glancns. 

Th(‘  baking  of  tlie  Hour  seems  rathei-  a  jieculiar  treatment,  since  any 
baking  that  would  produce  anything  like  cliarring  in  the  Hour  would 
entirely  (h'.stroy  its  gluten,  and  conseiiuent  doughing  properties.  It  is 
mon*  jirobable  that  the  flour  was  simjdy  of  an  excc'edingly  low  grade. 

Hebebrand  has  recently  jmblished  the  results  of  some  investigations 
on  mouldy  bread.  He  infecti'd  some  samples  of  rye  bri'ad  from  mouldy 
bread,  the  organisms  being  chiefly  Penicilliuni  g^laucuni  and  Mucor 
mucedfl.  These  were  kejit  for  periods  of  seven  and  fourt(>en  days,  and 
similar  samples  at  once  dried  for  analysis.  The  results  showisl  that  the 
mould  causcal  a  consiih'rable  loss  of  substanci',  carbohydrati'  lieing  con- 
vi'i'tcal  into  water  and  carbon  dioxide.  Tln'rt'  ^\■as  only  a  slight  loss  of 
)iroteids,  but  the  loss  of  carbohydrate's  caused  the  percentage  of  protc'iels 
to  appeal'  much  higln'r  in  the  dry  substance  of  the  mouldy  bread.  The 
decomposed  proteid  was  convi'iti'd  into  amides.  The  following  num- 
bi'i-s  show  the  perce'iitage  comiiosition  (1)  of  dried  fn'sh  bread,  and 
of  tine  drii'd  mouldy  bri'ad  : — 
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324.  Diseases  of  Cereals,  ('('i  tain  diseases  to  which  th('  ci'i'cal 
plants  are'  subji'ct  are  due  to  parasitic  fungoid  growths.  Among  the.se 
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are  mildow,  smut,  bunt,  and  or, ijot.  Their  nature  may  l)riolly  l)e  con¬ 
sidered  at  tliis  stage  of  our  work. 

325.  Mildew. — To  tlie  farmer  tins  l)light  is  uidiappily  too  familiar  ; 
if  a  wlieat  field  be  examined  in  May  or  June,  a  gix'ater  or  less  number 
of  the  plants  will  appear  as  though  some  of  tlie  lower  leaves  had  become 
rusty  ;  at  the  same  time  the  leaves  are  sickly  and  atrophied.  As  the 
disease  develops,  the  number  of  rusty'  leavtcs  increases  ;  the  “  rust  ”  itself 
will  be  found  on  examination  to  consist  of  the  spores  of  a  fungus,  known 
as  the  PtHxinia  ^ramiuis  or  corn  mildew.  The  mycelium  penetrates  the 
tissues  of  the  leaves,  occupying  the  intercellular  spaces,  and  thus  gradu¬ 
ally  d(‘stroys  them,  with  the  effect  of  seriously  injuring  and  reducing 
the  corn  crop. 

326.  Smut. — This  disease  is  also  know  as  “dust  brand,”  “chimney 
sweeper,”  and  by  other  naines  all  referring  to  the  black  appearances  of 
ears  of  grain  infested  by  it.  When  the  grain  is  Tiearly  ripe,  there  will 
be  noticed  here  and  there  in  a  wheat  field  shi’ivelled  looking  ears,  which 
look  as  though  covered  with  soot.  Smut  is  due  to  a  fungus  which  has 
received  the  name  of  Usti/dgo  segetum.  The  fungus  develops  within  the 
seeds,  destroying  the  contents  of  the  grain,  and  replacing  them  by  a 
mass  of  spores  which  ajipear  as  a  fine  l)rownish  black  powder.  Smut  is 
a  vei’y  destructive  parasite,  and  attacks  baidey,  oats,  and  rye,  and  also, 
althougb  to  a  somewhat  lesser  extent,  wheat.  Viewed  microscopically, 
the  spores  of  U.  segetum  are  found  to  be  spherical,  and  to  have  a  diameter 
of  about  S  mkms.  ;  their  appearance  is  shown  in  the  following  figure ; 


327-  Bunt  or  Stinking  Rust. — Uidike  smut,  bunt  ]>roduces  no 
'  external  signs  of  its  pi'esenc(‘  in  a  whe;it  field  :  there  is  no  sooty  ai)pear- 
anc(;  of  tlu;  ear,  nor  any  rust  abovc^  the  h-aves.  It  is  not  until  fhc' 
wheat  is  threshed  from  the  straw  that  th(“  ljunted  grains  are  discovei’i'd 
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in  the  sample.  Externally,  the.se  <frains  are  plumper  tlian  tliose  which 
are  sound  ;  hut  on  their  l)eing  broken,  the  interior,  inst(‘ad  (jf  being 
white  and  flour  like,  is  found  to  be  filled  with  a  black  powder,  having  a 
greasy  feel  when  rubbed  between  the  fingers,  and  a  mo.st  betid  and 
unpleasant  odour.  This  dust  consists  of  the  spores  of  a  fungus  termed 
Tilleiea  caries,  mixed  with  portions  of  its  mycelium.  The  spores  are 
much  larger  than  those  of  smut,  and,  viewed  under  the  microscope, 
appear  as  shown  in  Fig.  19  :  they  are  about  17  mkms.  in  diameter. 

The  pre.sence  of  bunt  is  .said  not  to  affect  the  wholesomeness  of  flour  ; 
it  is  stated  that  bunted  flour  is  at  times  made  up  into  gingerbread  ;  the 
other  condiments  used  masking  its  colour  and  odour.  With  the  e.x- 
treme  care  manifested  in  moclei'ii  systems  of  milling,  it  is  improbable 
that  bunt  often  finds  its  way  into  the  Hour. 

328.  Ergot.  — This  disease  is  almost  exclusively  confined  to  rye ; 
like  bunt  .and  smut,  ergot  is  due  to  <a  fungus  which  develops  within  the 
grain,  tilling  its  interior  with  <a  compact  mass  of  mycelium  and  spores, 
and  altering  the  starch  cells  by  replacing  the  amylose  with  a  peculiar 
oily  matter.  This  fungus  is  termed  Oidium  alwrlifacieus.  The  ergo- 
tised  grains  are  violet-brown  or  black  in  colour,  moderately  brittle ;  and 
when  in  (piantity  evolve  a  peculiar  nauseous  fishy  odour,  due  to  the  pres¬ 
ence  of  trimethylamine.  Ei'got  possesses  powerful  medicinal  effects,  and 
when  taken  in  anything  over  medicinal  doses,  .acts  as  a  violent  poison. 
The  presence  of  ergot  in  Hour  is  therefore  extremely  dangerous. 

Chemical  tests  for  tlie  detection  of  ergot  and  moulds  will  be  given  in 
the  analytic  section  of  this  work. 

EX  PE  RI  .M  ENTA  L  W  0  RK. 

329.  Prepare  some  malt  wort ;  filter  and  allow  the  liiuiid  to  remain 
for  some  d.ays  in  an  open  Ha.sk.  In  about  2d  hours  the  li<iuid  becomes 
turbid  ;  e.xamine  a  drop  under  the  microscope  with  the  highest  power  at 
disposal.  Bacteria  will  be  seen  in  abundance;  notice  that  they  have  a 
distinct  migratory  movement.  Examine  a  sam])le  (aich  day,  and  observe 
that  the  bacteria  grow  less  active,  and  ultimately  become  motionless; 
they  have  then  assumed  tlu‘  zooghca  stage.  Carid’ully  search  the  litjuid 
for  other  oi'ga.nisms  ;  bacilli  should  be  detected,  being  recognised  by 
their  filamentous  appt'arance.  Vibrios  should  also  be  obsei'ved  ;  they 
appear  veiy  like  bacilli,  exce{)t  that  they  have  bent  joint. s.  When 
.actively  moving  they  exhibit  an  undulatory  movement,  depending  on 
their  rotation  on  their  long  axis. 

Examiiu!  microscoj)ically  .some  of  tlu'  sediment  of  ‘'turned”  beer; 
largo*  (piantities  of  bacilli  can  usually  be  observed.  These  organisms 
are  also  commoidy  found  in  liakt'i's’  patent  yeasts. 

Place  some  fresh  clear  wort  in  a  llask  and  [ilug  the  neck  moderately 
tightly  with  cotton  wruH  ;  boil  the  liiiuid  for  a  minutes  and  allow  to 
cool  :  notic(!  that  tlu;  contents  of  the  Hask  remain  clear.  At  the  (‘ml  of 
a  week,  I'emove  the  Jilug  and  ex;unine  a  di'op  of  the  liipiid  under  the 
jiiicroscope,  bacteria  and  other  organisms  ar(‘  abs(*nt.  Tlie  wort  is  still 
sw(‘,et  and  fi’ct*  from  jiulTefaclive  odour.  Let  the  llask  now  stand  freely 
open  to  the  atmosiiheni ;  organic  germs  gain  (‘iitranci*,  and  puln-factive 
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or  otlu'r  clianges  ra])idly  occur.  On  the  next  and  succeeding  daj's,  ex¬ 
amine  microscopically. 

Procure  a  small  (juantity  of  milk  and  allow  it  to  become  sour ;  (ex¬ 
amine  microscopically  for  bacterium  lactis.  Also,  wash  a  few  grains  of 
malt  in  a  very  little  water,  and  examine  the  washings  for  this  organism. 

Prepare  two  samples  of  wort,  strongly  hop  the  one  by  adding  hops  in 
the  proportion  of  one-tenth  the  malt  used  :  boil  the  two  samples,  lilter, 
and  set  aside  under  pi-ecisely  the  same  conditions.  Observe  the  relative 
rate  of  growth  and  development  of  bacterial  life  in  the  two. 
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CHAPTER  XT. 

TECHNICAL  RESEARCHES  ON  FERMENTATION. 

330.  — In  tliis  chii])ter  aie  contained  tlie  results  of  certain  teclinical 
researches  niadi!  Ijy  the  author  on  inattiu’s  liaving  a  more  or  less  direct 
bearing'  on  bread  fermentation.  Some  of  these  appeared  in  a  previous, 
work  of  the  author’s,  while  others  are  now  jiublished  for  the  tirst  time. 

331.  Strength  of  Yeast.  — To  the  baker,  the  tirst  consideration 
about  yeast  is  its  strength  or  gas-yielding  power  :  there  are  other  effects 
which  it  also  produces,  but  its  all-round  activity  may  Tie  fairly  measured 
by  the  (piantity  of  gas  it  evolves  from  a  suitable  saccharine  medium. 
The  term  “strength  ’  is  therefore  usial  in  this  sense  ;  it  follows  that  the 
strongest  yeast  will  also  raise  bread  better,  because  the  rising  of  the  dough 
is  due  to  the  gas  evolv'ed  liy  the  yeast  from  the  .■saccharine  constituents 
of  the  tlour.  Different  modes  have  been  adopted  from  time  to  time  for 
the  purpose  of  testing  the  strength  of  yeast.  The  e.ssential  principle  of 
these  has  been  to  ferment  a  definite  (piantity  of  .some  .saccharine  fluid 
with  a  constant  weight  of  yeast,  at  a  constant  tem})erature,  and  to  then 
determine  the  volume  of  gas  evolved  in  a  given  time.  Meissl,  of 
Vienna,  used  the  following  process,  M'hich,  like  mo.st  others  of  its  kind, 
is  based  on  the  pi'incijile  tliat  the  strength  of  the  yeast  can  b('  judged 
from  the  amount  of  carbon  dio.xide  it  produci^s  from  a  certain  (piantity 
of  sugar,  the  other  substances  being  in  (npial  jiroportions. 

In  order  to  cai-ry  out  the  exjieriment,  the  following  substances  must 
be  jirepared  by  i-ubliing  tlumi  together ;  400  grams  of  refined  cane 
sugar,  20  grams  of  jdiosphate  of  ammonium,  and  20  grams  of  jiho.sjihate 
of  potassium.  A  small  vessel  should  be  ready  at  hand  of  70  to  t't)  c.c. 
cajiaeity,  and  fitted  with  an  india  riiblier  stopper  containing  two  holes, 
in  one  of  which  should  be  placial  a  bent  glass  tulu*,  tlie  long  end  of 
which  should  nearly  reach  the  bottom  of  the  vessel,  and  tiu*  toji  end, 
during  the  fermentation,  should  be  corki'tl  up.  'I’he  second  hoh'  serves 
for  the  reception  of  a  small  chlori(l(>  of  calcium  lube. 

The  testing  of  the  yeast  may  then  be  commenced  in  the  following 
manner;  l-f)  grams  of  the  above  mixture  should  lie  stirred  gently,  and 
dissolved  in  hO  c.c.  of  distilled  water.  Tn  this  liipiid  one  gram  of  the 
yeast  on  which  flu;  (■xjieriment  is  to  bi'  tried  should  be  carefully  stirred 
and  mi.xed  until  no  lumps  arc*  to  b(^  seen.  'I'he  ^■essel  with  its  contents 
must  be  weighed  and  then  placed  in  watei- at  a  temperature  of  .'10°  C.,  and 
left  to  remain  during  six  hours.  At  the  (uid  of  this  time  it  must  b(»  taken 
out  and  plunged  immediately  into  cold  water  in  order  to  cool  it  as 
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quickly  us  possible.  The  stopper  is  tlion  taken  out  of  tli('  lient  •'less  tube, 
and  the  air  allowed  to  enter  duriiii'  a  minute  or  two,  so  as  to  drive  out 
the  carbon  dio.xide.  The  vc'ssel  and  its  contents  must  then  !)(•  weif^hed. 
The  loss  of  weii'bt  arises  from  the  quantity  of  carbon  dioxide  which  has 
been  thrown  ofi'during  the  pi'ocess.  Jly  this  method,  the  carbon  dioxide 
is  estimati'd  by  weight  :  the  chloride  of  calcium  tube  is  aliixed  for  tin* 
purpose  of  retaining  any  traces  of  aqueous  vajanir  which  otherwist^  would 
escape. 

In  man}’  ways  this  apparatus  and  method  were  susceptible  of  inqu-ove- 
ment,  at  least  when  used  for  technical  and  commercial  purposes.  In 
the  tirst  jdace  the  actual  weight  of  tlie  tlask  with  contents  amounts  to 
some  80  or  90  grams,  while  the  weight  of  carbon  dioxide  evolved  varied, 
in  some  experiments  made  by  the  author,  from  0"J91  to  1'237  grams. 
To  accurately  measure  these  differences  of  weight  in  an  apparatus, 
itself  weighing  so  much,  a  vciy  delicate  balance  is  requisite,  'rids 
method  is  ca])able,  in  competent  hands,  of  yielding  accurate  results  ; 
hut  it  is  tediou.s,  and  does  not  give  all  the  information  that  could  bc’ 
wished. 

Another  mode  of  procedure  is  to  collect  the  gas  in  a  jar  over  mercury 
in  a  pneumatic  trough  ;  this  undoubtedly  gives  the  most  accurate  results, 
but  is  open  to  the  objection  that  mercury  is  expensive,  and  the,  apparatus, 
from  its  gi-eat  weight,  heavy  and  cumbersome.  The  reader  is  already 
aware  that  watm*  is  capable  of  dissolving  carbon  dioxide  gas  to  the  ex 
tent  of  its  own  volume;  this,  therefore,  is  an  obstacle  to  the  enqdoy- 
nient  of  water  for  its  collection.  The  writer,  nevertheless,  made  the 
ex]H‘riment,  and  found  that  on  collecting  the  gas  evolved  by  the  yeast 
during  fermentation,  in  the  ordinary  manner  in  a  graduated  gas  jar  over 
water,  most  intei'esting  results  could  bi'  obtained.  These  were  of  course 
not  absolutely  correct,  because  a  certain  (piantity  of  tbe  gas  was  absorbed 
bythe  water ;  still, duj)licate  experiments  gave  corresponding  quantities  of 
gas,  while  most  important  infoi  ination  was  gained  as  to  the  general  chai’- 
acter  of  diti'erent  yeasts  when  examined  in  this  manner.  Itesults  ol)tained 
in  this  way  may  therefore  be  viewed  as  comparabh^  with  each  other. 


332.  Yeast  Testing  Apparatus.-  In  the  next  place  a  .series  of 
experiments  were  made  in  which  the  gas  was  admitb'd  to  the  graduateil 
.jar  through  the.  toj),  and  so  did  not  bubble  through  the  water  at  all. 

hen  collectetl  in  this  way  the  amount  of  absorj)tion  was  small  and 
I'ery  uniform.  Two  jars  wer('  two-thirds  tilled  in  this  manner  with 
Washed  carbon  dioxide  gas  prepared  from  mai’bh'  ami  hydrochloric  acid. 
Tliey  were  then  allowed  to  stand,  and  the  amount  of  absorption  observed 
hourly.  'Jlio  of  absorption,  with  the  particular  jars  used,  was 

3s nearly  as  possible  a  cubic  inch  jier  hour.  Subsequmd  ti'ials  with  jars 
one  hundred  cubic  inch  cajjacity  gave  an  outside  rate  of  absorption 
ot  two  cubic  inclu's  per  hour.  A  still  better  plan  is  to  use  instead  (if 
"ater  an  a(|ueous  solution  of  calcium  chloride',  of  a  d('gree  of  concentivi- 
bon  giving  a  Kpecitic  gi'avity  of  I'l.  "With  this  solution  there  is 
laactically  no  alisorption  f)f  carbon  dioxide.  As  a  ix'sult  of  nuuu'rous 
^iiperiiiK'iits,  the  wi’iter  now  employs  tlue  form  of  apjearatns  tigured 
<*•1  next  page. 
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Tho  "lass  bottle,  marked  a  in  the  figure,  is  of  about  12  ounces  capacity, 
and  is  fitted  with  india-rubber  cork  and  leading  tubt‘,  b.  The  sugar  or 
other  saccharine  mixture  to  be  fermented  is  raised  to  the  desired  tem¬ 
perature,  and  then  placed  in  this  bottle.  The  yeast  is  weighed  out,  and 
then  also  addetl  ;  they  are  then  thoroughly  mixed  by  gentle  agitation. 
r>y  means  of  an  india-rubber  tubing  joint  at  t\  the  generating  bottle  is 
connected  to  the  leading  tube,  r,  of  the  glass  jar,  /.  This  leading  tube  is 
j)rovided  at  d  with  a  branch  tube,  which  may  be  ojiened  or  closed  bj?^ 
means  of  a  stopper  of  glass  rod  and  ])iece  of  india-rubber  tubing.  The 
jar,  /,  is  graduated,  as  shown,  into  cubic  inches,  commencing  immediately 
below  the  shoulder  with  0,  and  ending  near  the  bottom  with  100. 
-More  recently  the  author  has  employi'd  jars  graduated  into  cubic  centi- 
metn^s,  and  has  had  them  made  of  two  sizes,  500  c.c.  and  1000  c.c. 
I'espectively.  This  constitutes  tlie  apjiaratus  j)roper ;  in  use  the  gener¬ 
ating  bottle,  n,  is  {)lac(Hl  in  a  water  bath,  This  bath  is  lixed  on  a 

tripod  over  a  bunsen  buiaier,  and  is  provided  with  an  iron  grid,  /z,  in 
order  to  ])n‘V(‘nt  the  generating  bottle  coming  in  absolute  contact  with 
the  bottom  of  the  bath.  I>y  means  of  an  automatic  regulator  the  bath 
is  maintaiiuMl  at  any  desired  temi)eratur('.  The  gas  jar,  /,  stands  in  a 
]meumatic  trough,  i i. 

As  a  rule,  more  than  one  test  is  made  at  a  time,  the  water-bath  should 
tberefon;  be  sulliciently  large  to  take  four  or  six  bottles  at  once  :  two 
jineumatic  troughs  an^  tlum  emiiloyi'd,  and  eitlu'r  two  or  three  of  the 
gas  jai's,/,  arrangiMl  in  (‘ach.  While  f(tr  strictly  accui-ate  i‘xiH>riments  it 
is  essential  that  the  yi'ast  bottles  be  kej)t  as  nearly  as  jiossible  at  a 
<ie(init(^  tmiipei-ituro,  yt't  results  of  inU'ri'st  may  be  obtained  without 
the  employment  of  a  wati'r-bath.  The  whole  apparatus  should,  under 
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tlioso  circuinstiiiiccs,  ho  placed  in  some  situation  wlioix',  as  noacly  as 
possible,  a  constant  temperature  is  maintained. 

At  the  start  of  the  expcnament  the  air  is  e.xhausted  throu^di  d,  which 
is  aiLjain  closed  with  the  stopper.  As  the  fermentation  "oc'S  on  tlu'  o-as 
evolved  is  collected  in /  and  its  volume  read  otl',  from  the  surface'  of  the 
water,  at  the  end  of  each  half-hour  or  hour.  Full  and  detailcfl  jearticu- 
lars  are  given  at  the  end  of  this  chapter  as  to  the  exact  mode  of 
procedure  in  using  this  apparatus. 

When  the  requisite  allowance  is  made  for  the  absorption  of  the  gas 
by  water,  the  corrected  reading  very  nearly  corresjK)nds  with  the 
absolute  amount  of  gas  which  has  been  evolved.  It  is  far  better,  how¬ 
ever,  to  use  calcium  chloride  solution,  and  so  prevent  any  absorption  of 
the  gas.  There  are  slight  variations  due  to  alterations  of  barometric 
pre.ssure  and  of  temperature  ;  these  can,  if  wished,  be  calculated  out 
and  allowed  for — that  is  not,  liowevei',  for  ordinary  2)urposes  necessary. 
Gases  are  usually  measured  at  a  standard  pressure  of  760  millimetres, 
or  very  neai’ly  30  inches  of  mercury,  that  is  with  the  barometer  stand¬ 
ing  at  30.  A  rise  or  fall  of  the  Ijarometer  through  half  an  inch  only 
makes  a  difference  of  one-sixtieth  on  the  total  reeling,  and  this  may  as 
a  rule  be  neglected.  In  case  the  estimation  is  being  made  in  either  the 
laboratoiy  or  a  l)akehouse,  the  temjierature  is,  as  a  rule,  fairly  constant. 
Supposing  it  be  taken  at  70"  F.,  then  it  will  be  found  that  a  difference 
of  5°  either  way  oidy  causes  a  variation  in  the  volume  of  the  gas  of 
one  hundredth  the  total  amount.  Ilarometric  and  thermometric  vai'ia- 
tions  may,  therefore,  for  most  i)ractical  purposes,  be  neglected.  Fur¬ 
ther,  whatever  variations  there  may  b('  either  in  temperature  oi'  pressur(*, 
all  the  tests  made  at  the  same  time  are  made  under  precisely  similar 
conditions. 

In  all  the  experiments  quoted,  except  the  later  ones,  the  gas  was 
collected  over  water.  No  corrections  were,  however,  made  for  absorp¬ 
tion,  because*  it  is  evident  that  at  the  outset  the  carbon  dioxide  remains 
as  a  layer  of  gas  within  the  hottle,  simply  dis])laying  air  over  into  f ; 
during  this  time  no  absorption  can  take  place.  It  should,  however,  be 
remembered  that,  when  the  gas  remains  stationary  for  any  length  of 
tiUie,  a  quantity  must  have  been  evolved  about  equal  to  that  beiu"' 
absorbed. 


333.  Degree  of  Accuracy  of  Method.— This  is  a  matter  of 
p-eat  importance,  because  unless  fairly  constant  and  accurate  results 
pe  obtainable,  little  or  no  contidence  can  be  placed  in  them,  or  any 
uecluctions  based  thereon.  A  number  of  duplicate  exiieriments  wei'c 
t  leretore  first  made  in  order  to  test  the  accuracy  of  tlie  estimations  ; 
tlie  results  are  ajipi'iided  : — 


Xo.  1.  Frewers’  Yeast,  i  oz.;  Sugar 
30°  C. 

^o.  2.  Duplicate  of  No.  1. 
i^'o.  3.  French  Conqiressed  Yeast, 
Water,  6  oz.  at  30°  C. 

^^'o.  4.  Duplicate  of  No.  3. 


-Mixture,  i  oz.  ;  Water,  6  oz.  at 
I  oz.  ;  Sugar  IMixture,  oz.  ; 
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Ti.me. 

C.As  Evolvki)  in  Cubic  Inches. 

Tempera 

ture. 

No. 

1. 

No.  i. 

No.  3. 

No.  4. 

o  ... 

0-0 

07  1 

0-7 

0-0 

0-5 

0*0  N 

'  ■>  •  r 

1  ^ 

0-0 

2-5 

2-5] 

15-2 

297 

4  hour 

5'S 

0-5 

5-5 

3'i 

i6'i 

50-0 

I  ,, 

6-5  { 
14-2  1 

7  7 

6-0. 

7'8 

13-8 

-  8-2 

22  0 

77 

297  { 

r  1 1  -3 

19-2 

21-8 

17-7 

21-4 

30-0 

li  hours  ... 

7-8 

41*0 

21  *0 

39-1 

20-7 

59-8 

204 

29-8 

O 

—  J  5 

22*0  j 

8-0 

62*0 

20*0 

28-9 

'7i 

30-0  J 

1 1  '0 

82 ‘0 

21-5 

So  *2 

2  I  *0 

29-5 

3  ft 

41*0  j 

i 

6*0 

41-0 

57 

103-5 

22-3 

lOI  *2 

1  “3“ 

124*4 

20*4 

30-0 

-.1 

ft 

47-0  ’ 

7-5 

46-7 

-  8'0 

537^ 

125-8- 

17-8 

30-25 

4  ,, 

54-5  ' 

143-6 

14-9 

'44-8 

15-9 

30-25 

44  ,, 

158-5 

9-5 

160-7  ‘ 

9-3 

170-0^. 

1  S'o 

30- 0 

5  M 

168 -0 

7-0 

30-0 

5i  >.  ••• 

2-8 

•77-8^ 

175-0 

0-8 

1758^ 

30  0 

6  „  ... 

29-9 

Tlie  iiLfures  placed  opposite  the  Ijrackets  reja-t'sent  tlie  volume  of  gas 
given  otf  in  <'acli  successive  lialf-houi'.  A  tlierinometer  was  placed  in 
the  water-hath  and  the  temperature  observed  at  the  time  of  each  read¬ 
ing,  and  registered  in  the  last  column.  The  temperature  in  this  experi¬ 
ment  shows  considerably  gn-ater  valuations  than  that  in  those  made  later, 
it  will  be  noticed  that  both  jiairs  of  duplicates  agree  viuy  closely 
throughout  the  entire  fm-nauitation. 

it  may  here  be  mentioned  that  a  half  ounce  of  sugar  yields,  on  the 
supposition  tliat  the  whole  is  transformed  inth  carbon  dioxide  and 
alcoliol,  till'  following  (piantities  : — 

()■/..  of  sugar  =  Ti'2  grams,  and  yields  7 •30  grams  of  CO.j  = 
d'TUo  litres  =  223  cubic  inches  at  0°  (1.  = 

212  „  20°  C. 

(One  cubic  inch  =  13-4  c.c.) 

it  will  be  rcmembi'red  that  actually  only  about  95  per  cent,  of  tlie 
sugar  is  thus  converted  into  carbon  dioxide  and  alcohol ;  these  (piantities 
in  strictness,  therefore',  reipiire  to  be  reduced  about  5  per  cent. 

As  in  the  exjieriments  to  be  now  de.scribcd  the  .same  brand  or  kind 
of  yeast  was  used  on  (litl'erent  days,  it  was  necc'ssary,  as  a  preliminary, 
to  a.sccrtain  the  degree  of  constancy  of  strength  of  the  .same  yeast. 
Determinations  were  made  on  one  brand  of  comjiresscd  yeast  with  the 
followiiiL'  results  : — 
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No.  1. — April  27tli,  1885,  |  y 
No.  2. — INliiy  7th,  1885,  ■ 

No.  3.  -  June  30th,  1885,  ) 


oa.st. 


\  oz.  ;  Sugar  .Mixture, 
Water,  0  oz.  at  30°  C. 


oz. 


Time. 

Gas  Evolved  in  Cluic  Inches. 

! 

1 

O  i 

j 

1 

1 

1 

p  I 

No.  3. 

o . 

0‘0  , 

217 

217  J 

41-3 

63 ’o] 

33 'o 

O'O  ■, 

24-5 

0-0  . 

287 

2S7  I 

31-9 

I  hour 

24-5 

-36-4 

2  hours  ... 

60-9 

43-1 

60 -6 

43-6 

3  •••  ■  • 

96  'O 

34 ‘3 

130-3 

24-2 

154-5 

15-7 

104 'o ; 

32-0 

136-0  f 

22  -5 

158-51 

-  17-5 

104 '2  ! 

40-8 

145 -o-’, 

130-0 

4  ..  . 

5 

175-0  f 

2-8 

177-8-’ 

6  „  . 

I70’2  ' 

175-0 

Althougli  these  results  do  not  agree  with  that  closeness  observable  in 
the  duplicates,  yet  it  will  lie  seen  that  the  yeast  is  throughout  fairly 
similar  in  behaviour;  still,  it  must  be  remembered  that  in  experiments 
made  on  different  days  the  results  are  not  always  strictly  comparable, 
because  tlie  yeast  is  sure  to  be  not  absolutely  the  same  in  each  case. 

334.  Effect  of  Different  Media  on  Yeast  Growth. — That 

certain  substances  are  eminently  fitted  for  aiding  the  growth  and  de¬ 
velopment  of  yeast,  while  others  are  not  so  suited,  has  already  been 
stated.  In  order  to  measure*  (juantitatively  the  effect  of  sowing  yeast 
in  different  solutions,  the  following  determinations  were  made. 

335.  Comparison  between  Sugar,  “Yeast  Mixture,” 
Pepsin,  and  Albumin. — The  “yeast  mixture”  referred  to  is  ba.sed 
on  the  fluid  in  which  Pasteur  cultivated  yeast,  and  which  is  known  as 
“Pasteur’s  Fluid.”  Pasteur  employed  a  solution  of  sugar  and  am¬ 
monium  tartrate  to  supply  saccharine  matter  and  nitrogen  ;  to  this  he 
added  some  yeast  ash  as  a  source  of  mineral  constituents.  This  fluid 
may  be  closely  imitated  by  use  of  the  following  formula  — 

Potassium  Phosidiate  ...  ...  ...  20  parts. 

Calcium  Ph(.»sphate  ...  ...  2  , 

M:  ignesium  Sulphate  ...  ...  ...  2  ,, 

Ammonium  Tartrate  ...  ...  ...  100  ,, 

Purest  Cane  Sugar  ...  ...  ...  1500  ,, 

’'kVater  . 


10,000  pai-ts. 

As  this  solution  keejis  badly,  the  yeast  mixture  consists  of  Pasteur's 
Fluid,  inuius  the  water.  The  salts  are  first  })owd(*red  and  dried,  and 
then  mixed  until  thoroughly  incorporated.  This  mixture  has  tin;  great 


208 


THK  SCIKXCK  AND  AHT  OF  BUKAD-MAKINO. 


fidvaiitage  tliat  wliile  dry  it  can  l)e  kept  any  leiigtli  of  time  without 
change. 

Date,  2Gtli  April,  188;"). 

No.  1.  Pure  sugar,  ^  oz.  (14'2  grains');  compressed  yeast,  ^  oz. 
(.■kr>  grams);  water,  G  oz.  (170  grams)  at  .GO'’  C. 

No.  2.  Yeast  mixture,  4  oz.  ;  compressed  yeast  4  oz.  ;  water,  G  oz.  at 
30°  C. 

No.  3.  Pure  Sugar,  4  oz.  :  pepsin,  P5  grams;  compressed  yeast,  4  oz. ; 
water,  G  oz.  at  30°  C. 

No.  4.  AYast  mixturi*,  4  oz.  ;  pepsin.  Do  grams;  comj)ressed  yeast, 
^  oz.  ;  water,  G  oz.  at  30°  C. 

At  the  expiration  of  seven  hours,  the  following  quantities  of  gas  had 
been  evolved  : — 

No.  1,  ...  51 -3  cubic  inches.  I  No.  3,  ...  112  0  cubic  inches. 

No.  2,  ...  132-0  „  I  No.  4,  ...  181-5 

Experiments  were  also  made  with  jiepsin  and  albumin  by  themselves, 
but  neither  of  these  gave  practically  an}’  evolution  of  gas. 

From  these  experiments  the  following  conclusions  are  derived  : — 

Pure  sugar  undergoes  a  regular  but  some-w-hat  slo-w  fer¬ 
mentation. 

Sugar  mixed  -with  about  ten  per  cent,  of  pepsin  ferments  at 
first  more  slowly,  but  afterwards  much  more  rapidly. 

“Yeast  mixture,”  consisting  of  sugar,  ammonium  tartrate, 
and  inorganic  salts,  ferments  from  the  commencement  still 
more  rapidly. 

Yeast  mixture,  with  about  10  per  cent,  of  pepsin,  undergoes 
still  more  rapid  fermentation. 

Nitrogenous  bodies  alone,  as  pepsin,  albumin,  in  water,  or 
2,V  per  cent,  salt  solution,  evolve  practically  no  gas. 

Pepsin  and  other  nitrogenous  bodies  must  therefore  be  considered, 
not  as  the  sulistances  from  which  yeast  causes  the  evolution  of  gas,  but 
as  stimulating  nitrogenous  yeast  foods. 

336.  Comparison  between  Filtered  Flour  Infusion. 
Wort,  and  Yeast  Mixture  Solution. — Pursuing  the  same  line  of 
investigation,  experiments  wen*  next  made  for  the  purpo.se of  e.xamining 
and  comparing  llour  infusion,  wort,  and  yeast  mi.xture,  as  fermentable 
substances.  An  infusion  of  llour  was  made  by  taking  400  grams  of 
iloui-,  and  lOOO  c.c.  of  water;  these  were  shaken  thoroughly  in  a  Mask, 


'  Jn  thusii  c.\i)eriint‘iits  ;ni  anomaly  will  bo  noticed  in  tile  systems  of  weights 
emjiloyed.  In  deference  to  the  fact  that  many  of  the  readers  of  this  book  will  be 
much  more  familiar  with  tlie  Mnglisli  tlian  the  metric  weights  and  measures,  the 
writer  has,  where  practicable,  used  the  former  system  ;  althougli  were  he  to  follow 
his  own  predilections,  all  ([uantities  would  throughout  have  been  expressed  in  grams 
and  cubic  centimetres. 

The  relation  between  grams  and  fractions  of  an  ounce  may  be  understood  by 
remembering  once  for  all  that 

1  ounce  or  Ki  drams  =  -28-35  grains. 

J,  „  ,.  S  „  1-1-2 

i  -1  =7-1 

1  3  ,,  =  3-y  ,. 
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from  time  to  tiino,  for  half  an-hour,  and  then  allowed  to  subside  :  the 
clear  li(iuid  was  tiltered,  and  its  specific  gravity  taken  ;  this  anioinitefl 
to  1007 '2.  iNleantiine,  some  malt  wort  had  been  ])i’epared  ;  this  was 
divided  into  two  portions,  the  one  of  which  was  boiled,  the  other  allowed 
to  remain  at  the  mashing  heat.  These  were  next  cooled,  and  each 
diluted  down  until  the  specific  gravity  coincided  with  that  of  the  Hour 
infusioTi.  A  solution  of  yeast  mixture  of  the  same  density  was  also 
prepared.  Fermentation  wa.s  started  in  each  of  these  with  the  results 
given  in  the  following  table  : — 

Date,  Sth  May,  1S85. 

1.  40  per  cent.  Hltered  flour  infusion,  Sp.  G.  1007-2,  C  oz.  at 
•40°  C.  ;  compi-essed  yeast,  |  oz. 

Unboiled  malt  wort,  Sp.  G.  1007-2,  6  oz.  at  .30°  C.  ;  com- 
pres.sed  yeast,  |  oz. 

Foiled  wo;-t,  Sp.  G.  1007-2,  G  oz.  at  .30°  C. ;  compressed  yeast, 
]  oz. 

4.  Yeast  mixture  and  water,  Sp.  G.  1007-2,  6  oz.  at  30°  C.  ;  conn 
pres.sed  yeast,  j  oz. 

At  the  end  of  five  hours,  the  following  quantities  of  gas  had  been 
evolved  : — 


No. 


No.  2. 
No.  .3. 


No. 


^o.  1,  ...  8-3  cubic  inches. 

No,  2,  ...  17-1 


No.  3,  ...  18-2  cubic  inches. 

No.  4.  ...  24-3 


The  flour  infusion  evolved  gas  but  slowly,  and  toward  the  end  of  flve 
hours,  over  which  tlie  experiment  lasted,  had  fallen  oft’  considei-ably. 
The  two  malt  infu.sions  yielded  c.-irbon  dioxide  at  about  double  the 
speed  ;  that  in  the  boiled  wort  being  the  higher.  The  greater  (juantity 
of  gas  in  the  latter  instance  is  due  to  the  fact  that  boiling  coagulates 
some  of  the  proteids  of  the  wort,  and  so  leaves  a  greater  percentage 
of  sugar  in  the  li(juid,  when  both  are  diluted  to  the  same  density.  Tins 
IS  an  interesting  instance  of  the  removal  of  proteids  resulting  in  a 
more  copious  and  rapid  evolution  of  gas.  The  yeast  mixture  causes  the 
carbon  dioxide  to  be  evolved  with  still  greater  rapidity.  Summim'-  uii 
the  results —  ^  ^ 

In  solutions  of  the  same  density, 

Flour  infusion,  on  fermentation,  yields  gas  somewhat  slowly  ; 

Unboiled  wort,  at  about  double  the  speed  ; 

Boiled  wort,  slightly  more  rapidly  than  the  unboiled  ;  and 

Yeast  mixture  solution,  at  about  three  times  the  rate  of  the 
flour  infusion. 

The  soluble  extract  of  flour  is  thereby  shown  to  be  capable  of  oidy 
a  slow  fei-inentation ;  this  is  due  to  its  containing  a  com})aratively  low 
proportion  of  sugar,  and  much  of  that  of  a  kind  which  n'liuires  to  be 
inverted  before  it  can  be  fermented. 

„  between  Flour  and  its  various  con- 

^  stituents  fermented  separately.  -From  the  bakcn-’s  boint  of  view 
1  IS  o  very  great  iniportance  that  he  should  know  which  of  llio  st'veral 
constituents  of  flour  it  is  that  afl'ord.s,  during  fermentation,  the  gas  by 

nc-  i  ns  dough  is  (listended.  The  following  experiments  were  made! 
^r  le  purjiose  of  obtaining  detinite  information  on  this  subject _ 
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No.  1  re(jiui't‘.s  no  fuitlier  exjilanatioii.  In  No.  2,  34  ^o-ains  of  Hour 
were  ini.xed  witli  G  oz.  (=170  c.c.)  of  water,  being-  equivalent  to  20  per 
cent,  of  Hour  in  the  water.  In  No.  3,  the  Hour  was  agitated  .several 
times  witli  large  (piantities  of  watrn-,  and  allowed  to  suliside  lietween 
each  washing,  tlie  supernatant  liipiid  being  poured  oH',  and  only  the 
insoluble  residue  retained.  In  this  manner,  the  washed  in.soluble 
residue  is  obtained  comparatively  free  from  the  other  constituents.  Of 
these  three  samples.  No.  2  represents  the  whole  tif  the  Hour,  No.  1  the 
soluble,  and  No.  3  the  insoluble  portion.  No.  4  consisted  of  20  per 
cent.  Hour  infusion,  with  gelatinist'd  starch  added  ;  the  whole  being  sub¬ 
jected  to  a  temperature  of  30°  C.  for  12  hours  before  fermentation: 
this  method  was  adopted  in  order  to  determine  what  diastasic  etlect  was 
produced  by  the  Hour  infusion  on  the  gelatinised  starch,  it  being  assumed 
that  whatever  starch  was  converted  into  sugar  would,  under  the  iiiHu- 
ence  of  the  yeast,  be  decomposed  with  the  evolution  of  carbon  dioxide 
gas.  No.  5  was  a  somewhat  similiar  e.xperiment,  made  with  gluten  ; 
some  Hour  was  doughed,  and  then  the  gluten  washed  as  well  as  practic¬ 
able  in  a  stream  of  water.  In  order  to  get  as  large  a  surface  as  possible, 
this  gluten  was  next  rubbed  in  a  mortar  with  clean  sand  ;  it  was  in  this 
way  cut  up  into  a  ragged  mass.  The  gluten  was  mixed  with  water  and 
kept  at  30°  C.  for  12  hour.s,  in  ordei-  to  permit  any  degrading  action, 
that  warm  water  is  cajjable  of  exerting  on  gluten  (luring  that  time,  to 
assert  itself.  In  Nos.  4  and  5,  yeast  was  added  at  the  end  of  12  hours. 
No.  G.  was  a  repetition  of  No.  4,  except  that  the  gelatinised  starch  and 
Hour  infusion  were  mixed  immediately  before  fei-mentation.  In  No.  7 
the  starch  was  sim])ly  add(‘d  to  the  Hour  infusion  without  previous 
gelatinisation.  No.  S  consisted  of  wheat-starch  and  water  only,  to  which 
yeast  was  added.  The  starch  used  for  these  experiments  was  specially 
prejiared  in  the  laboratory  from  the  best  Hungarian  Hour  by  washing 
the  dough,  enclo.sed  in  muslin,  thus  separating  the  gluten.  The  starch 
was  allowed  to  settle,  and  the  supernatant  licjuid  pouivd  oH';  the  starch 
was  then  stirred  up  with  some  more  water,  and  again  allowed  to  sub¬ 
side.  These  washings  were  repeated  daily  for  about  a  fortnight,  at  the 
end  of  which  time  the  starch  was  air  dried.  On  being  tested  with 
Fehling’s  solution  the  starcli  gave  no  trace  of  precipitate:  its  purity 
was  therefore  assured.  This  series  of  fermentation  tests  altogether 
e.xtended  ov(*r  a  ])(“riod  of  three*  days. 

Date,  11th  IMay,  ISS."). 

No.  1.  20  per  cent,  lilten'd  infusion  of  Hour,  G  oz.  at  30°  C.,  com- 
ju-essi'd  yeast,  ]  oz. 

No.  2.  34  grams  Hour;  water,  G  oz.  at  30°  0.  ;  compres.sc'd  yeast,  |  oz. 

No.  3.  Washed  insoluble  residue  from  34  grams  of  Hour  :  water,  G  oz. 
at  30°  C.  ;  comiire.s.sed  yeast,  |  oz. 

Date,  12th  INIay,  ISSo. 

No.  I.  20  ]»('r  c(“nt.  iiltered  Hour  infusion,  G  oz.  at  30°  C.  ;  wheat 
starch,  5  grams  taken  and  gelatiiused,  cooled,  tlu'ii  added  to 
Hour  infusion.  .Mixture  placed  in  bottle  and  maintained  at 
30°  C.  for  12  hours;  then  |  oz.  conipress('d  yeast  addcal  and 
fermentation  commenced. 
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No. 

1, 

2-5 

No. 

•> 

...  17-5 

No. 

3, 

...  3-0 

No. 

■i, 

...  37-5 

No. 

1, 

consisting 

No.  5.  tlion)u,<;lily  wasliod  ,<,duteii,  o  .i^raius,  triturated  in  mortar 

with  sand  in  order  to  exj)o.se  lari,m  surface  :  i^-Iuteu  witli  G  oz. 
of  water  at  30°  C.  placed  in  hottle  and  maintained  at  30°  C. 
for  12  hours;  tlien  ]  oz.  compressed  3'east  added  and  fer¬ 
mentation  commenced. 

Date,  13tli  iNIay,  1885. 

No.  G.  20  per  cent,  filtered  flour  infusion,  G  oz.  at  30°  C.  ;  wheat 
starch,  5  grams,  gelatinised  ;  compressed  yeast,  |  oz! 

No.  7.  20  per  cent,  filtered  Hour  infusion,  G  oz.  at  30°  C.  ;  wheat 
starch,  5  grams,  ungelatinised  ;  comj)ressed  yeast,  oz. 

Date,  11th  May,  1885. 

No.  8.  Wheat  starch,  5  grams,  gelatinised,  water  G  oz.  at  30°  C. ; 

compressetl  yeast,  |  oz.  ’ 

At  the  expiration  of  six  hours,  the  following  quantities  of  gas  had 
been  evolved  ; — 

N(j.  5,  ...  1-3  cubic  inches. 

No.  G,  ...  33-7 

No.  7,  ...  8-2 

No.  8,  ...  0-9 

.  ■  cent,  flour  infusion,  gave  off  very  little 

•gas,  the  quantity  amounting  to  only  2’5  cubic  inches  in  six  hours  ; 
this  is  very  uiucli  less  than  that  obtained  in  the  previous  series  of 
experiments  in  which  a  40  per  cent,  infusion  was  employed  ;  the  latter 
gave  off  8-3  cubic  inches  in  five  hours.  No.  2,  containing  the  whole 
■of  the  dour,  gave  ofi  gas  much  more  coi)iously,  in  si.x  hours  there 
being  17-5  cubic  inches  of  gas  evolved.  After  the  second  hour  the 
evolution  fell  off  slowly  but  regularly.'  The  washed  residue  ’gave 
off  just  the  same  amount  of  gas  as  did  the  filtered  infusion;  in  fact 
at  the  end  of  the  fifth  hour.  No.  3  gave  the  higher  reading.’  It  will 
be  noticed  that  the  whole  of  the  Hour  gives  off  three  times  as  much 
gas  as  do  the  filtered  infu.sion  and  the  washed  residue  together.  The 
reason  is  that,  when  flour  is  shaken  with  water  aiul  then  filtered,  the 
substances  which  under  the  action  of  yeast  evolve  gas  are  not  all  re¬ 
moved  111  the  filtrate  :  they  are  only  .separated  from  the  insolulile  residue 
wit  1  gieat  (lithculty,  and  .several  washings  do  not  so  thoroughly  remove 
termentable  matter  as  to  leave  the  residue  completely  unffu-mentable. 
ifiat  the  fermentation  in  No.  3  is  not  due  to  the  insoluble  residue  is 
proved  by  the  result  of  experiment  No.  5  ;  for  with  well  washed  and 
kneaded  gluten,  but  very  little  gas  is  evolved,  the  total  amount  in  nine 
liours  being  only  Do  cubic  inche.s,  and  this  although  the  gluten  for 
weiye  hours  previous  to  fermentation  was  digested  with  watei-  at  30“  C. 
-iucli  of  the  fermentalile  matter  of  flour  belongs  to  what  may  be  called 
tlie  semi-soluble  jiortion,  that  is,  the  part  of  the  flour  which  is  retained  by 
■in  ordinary  filter  paper,  but  on  kneading  is  readily  .separated  by  the  me- 
clianical  action  from  the  gluten.  fn  Nos.  4  and  G  the  .luantities  used  are 

the  were  made  eitlier  every  hour  or  lialf-l.our,  but  usually 

^  ‘  y  luiijurks  contain  also  references  to  otlier  readin^^s. 
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the  s;iine,  lint  the  foriiier  of  tlie  two  saiiijiles  .Tffords  evidence  of  dia.stasis 
haviiRf  la^eii  occasioned  during’  tlie  twelve  hours  foi'  M’hich  the  .i^ela- 
tiinsed  stai’cli  was  subjected  to  tlie  action  of  the  tloui'  infusion.  No.  0  at 
first  jiroceeded  somewhat  the  more  rapidly,  but  evolvial  very  little  (fas 
during  the  second  hour  ;  during  the  third  liour,  however,  it  recovered 
itself  and  proceeded  regularly,  until  at  the  e.xjhration  of  six  hours  tin* 
evolution  of  gas  ceased,  with  a  total  of  33 ‘7  inches.  Jn  No.  4  the  fermen¬ 
tation  proceeds  rajiidh'  and  r(\gularly,  falling  off  towards  the  end,  and 
linishing  at  five  hours  with  37‘5  cubic  inches.  As  a  result  of  the  pre¬ 
vious  diastasis,  a  larger  quantity  of  gas  is  evolv’ecl,  but  in  each  instance 
the  greater  part  of  the  starch  remaiiu'd  behind,  as  if  o  grams  of  starch 
were  comjilctely  changed  into  sugar,  and  then  by  fermentation  into 
carbon  dioxide  and  alcohol,  the  yield  of  gas  would  roughly  be  about  85 
cubic  inches  at  20“  C.  The  diastasic  action  of  the  Hour  infusion  will 
have  more  or  less  cHected  the  hydrolysis  of  the  starch  into  dt'xtrin  and 
maltose  ;  the  latter  will  have  undergoiu'  fermentation,  while  the  former 
is  unfermentable.  Experiment  No.  8  shows  that  the  diastasis  of  the 
starch  is  eH'ected  by  the  Hour  infusion,  and  not  by  the  yeast,  for  where 
pure  gelatinised  starch  and  yeast  alone  are  employed,  exceedingly  little 
gas  is  evolved;  during  eight  hours,  but  1'2  cubic  inches  only  having 
accumulated.  This  experiment  was  allowed  to  proceed  overnight,  and 
at  the  end  of  twenty-one  hours,  7‘0  cubic  inches  had  been  evolved. 
Another  reading  was  taken  at  the  end  of  the  twenty-second  hour,  and 
showed  that  0'8  cubic  inches  had  been  evolved  during  the  hour.  It 
would  seem  that  the  diastasic  action  of  yeast  on  jmre  starcli  increases 
somewhat  after  some  hours;  but  within  a  limit  of  eight  hours,  which 
covers  the  time  that  Hour  is  in  most  instances  subjected  to  fermentation, 
little  or  no  action  has  occurred.  The  greater  evolution  of  gas  after 
twenty-one  hours  may  possibly  be  due  to  sugar  formed  by  the  action 
of  bacteria  on  the  starch.  Very  striking  in  connection  with  this  is 
the  result  obtained  in  experiment  No.  7,  for  when  the  ungelatinised 
starch  was  mixed  with  Hour  infusion  and  subjected  to  fermentation, 
8'r)  cubic  inches  of  gas  were  obtained  in  eight  hours.  The  Hour  infusion 
must  under  these  circumstances  have  succeeded  in  hydrolysing  some  of 
the  starch  ;  for  although  starch  is  washed  most  carefully,  there  will 
always  be  a  certain  number  of  cells  whose  walls  are  suHiciently  thin  to 
])ermit  diastasis  to  occur  ;  and  as  stated  in  a  previous  chapter,  Siune 
investigators  are  of  opiiuon  that  even  unbroken  wheat  starch  cells  are 
comj)aiatively  readily  attacked  by  hydrolysing  agents.  (liefer  to 
Chapter  paragraj)h  229).  8umming  up  the  results  obtained  in 

the.se  experiments,  it  is  found  that  • 

Filtered  flour  infusion  supports  fermentation  slowly. 

The  frequently  washed  residue  of  flour  supports  fermentation 
at  about  the  same  rate. 

The  entire  flour,  mixed  with  water,  evolves  about  six  times  j 
as  much  gas  as  either  the  Altered  infusion  or  the  washed  resi¬ 
due  from  the  same  weight. 

Kneaded  and  washed  gluten  evolves  practically  no  gas. 

Flour  infusion  and  gelatinised  starch  together  evolve  gas  in| 
considerable  quantity. 
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The  quantity  of  gas  is  increased  when  the  infusion  and  the 
gelatinised  starch  remain  together  some  time  before  fermenta¬ 
tion  ;  which  result  is  due  to  diastasis  by  the  proteids  of  the 
infusion. 

Ungelatinised  starch,  under  the  influence  of  yeast  and  flour 
infusion,  evolves  a  moderately  large  quantity  of  gas. 

Gelatinised  starch  alone  undergoes  little  or  no  fermentation 
during  a  period  of  eight  hours,  but  ferments  slowly  after  stand¬ 
ing  some  twenty  hours. 

338.  Further  Investigation  of  Fermentation  of  Flour 

Infusion.  —  lu  order  to  further  deteriniiie  the  source  of  gas  during  the 

feriiieutatiou  of  flour  infusion,  the  following  experiments  were  made  : _ 

A  forty  per  cent,  filtered  infusion  of  stone  milled  Hour,  from  Engli.sh 
wheat,  was  prepared  by  taking  GOO  grams  of  Hour,  and  1-500  c.c.  of  dis¬ 
tilled  water  :  these  were  several  times  shaken  together  during  half-an- 
hour,  and  then  allowed  to  subside.  The  uj)per  layer  of  liquid  was  next 
poured  ufl  and  filtered  through  washed  calico  :  this  was  subsequently 
ugaiu  Hltered  in  the  ordinary  manner  through  jiapei’  until  perfectly 
clear,  (hi  testing  with  iodine  no  colour  was  produced,  thus  showing 
the  absence  of  lioth  starch  and  amyloins.  The  speciHc  gravity  of 
the  infusion  was  1008'5,  being  somewhat  higher  than  that  of  the 
forty  per  cent,  infusion  used  in  a  previous  experiment.  A  portion 
of  the  infusion  was  tested  for  sugar,  before  and  after  inversion,  and 
also  for  proteids.  8ix  ounces  of  the  infusion  were  then  fermented 
at  25  C.,  with  a  quarter  ounce  of  Encor'e  yeast.  The  experiment 
was  continued  for  twenty-two  hours,  at  the  end  of  which  time  fermen¬ 
tation  had  entirely  ceased.  The  clear  licjuid  was  then  decanted  off 
from  the  layer  of  yeast  at  the  bottom,  and  tested  for  sugar  and  jiroteids 
as  was  done  in  the  separate  j)ortion  of  tlu'  original  infusion.  To  the 
yeast  remaining  in  the  bottle  there  was  at  once  added  a  half  ounce  of 
sugar  and  six  ounces  of  wat(*r  at  25'^  C.,  and  the  testing  aj)paratus  set 
up,  and  the  quantity  of  gas  evolved  measured. 

The  sugar  was  estimated  by  Fehling's  })rocess  in  the  following  man- 
ner :  A  weighed  (juantity  of  the  Hour  infusion  was  raised  to  the 
boiling  point,  and  maintained  at  that  temperature  for  about  Hve 
minutes,  in  order  to  coagulate  pi'oteids  ;  the  loss  by  (ivaporation  was 
then  made  up  by  the  addition  of  distilled  water,  and  the  solution 
Hltered. 


Quantities  taken  =  ‘lo  c.c.  Fehling's  Solution. 

•50  c.c.  Water. 

20  c.c.  Foi'ty  j)er  cent.  Flour  Infusion. 

\\  eight  of  cujtrous  oxide,  Cu./J,  yielded  OTo.'il  grams.  Assuming 
t  ns  pr(*cipitate  to  be  due  to  maltose,  then 

0  l.).ll  X  Off ,  .iS  =  O'l  1 87  grams  of  maltose  in  20  c.c.  of  th('  lloiu’  ill¬ 
usion  =  iqs  pei-  cent,  of  maltose  in  tin;  Hour. 

II  the  next  jilace,  50  c.c.  of  the  Hour  infusion  wm-i'  taken,  5  c  c.  of 
umnig  hydrochloric  acid  added,  and  the  solution  iina'rted  liy  being 
laised  to  GS  C.  The  acid  was  then  neuti'alised  liy  solid  sodium  carbon- 
■ate,  and  tlu!  solution  madi*  up  to  100  c.c.  with  water.  This  pi-oducod  a 
twenty  per  cent,  inverted  solution. 
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Quantities  ta/;en  =  '2i>  c.c.  Fcliliiitf’s  Solution. 

50  c.c. 

20  c.c.  Twenty  per  cent,  inverted  Flour  InfiLsion. 

AVei^dit  of  cuprous  o.xide,  Cu./),  yielded  =  0TS60  ^n-iuus. 

In  20  c.c.  of  a  forty  per  cent,  solution  tliei'e  would  be.  double  this 
quantity  =  O’l SCO  x  2  =  0‘.1720  grains.  From  this  must  be  deducted  the 
amount  of  precipitate  due  to  the  maltose  present. 

0’372O  — 0T531  =0'2189  grams  of  Cu._,0  due  to  a  reducing  sugar  pro¬ 
duced  by  inversion.  Assuming  this  sugar  to  be  cane-sugar,  or  at  least 
to  have  the  same  reducing  power,  then 

0'2189  X  0’4791  =0‘1048  grams  of  cane-sugar  in  20  c.c.  of  the  forty 
per  cent,  infusion  =  1-31  jier  cent,  of  cane-sugar  in  the  flour. 

The  total  sugar  in  the  Hour  would  thus  be  2'79  per  cent. 

After  fermentation,  the  ujiper  liquid  from  the  yeast  bottle  was  also 
tested  for  sugars,  after  tiltration  and  coagulation  of  proteids  as  before. 
The  uninverted  solution  gave  no  precipitate  whatever  with  Fehling’s 
solution.  A  portion  was  next  inverted  with  acid  in  the  manner 
already  described  ;  20  c.c.  of  this  solution  gave  a  slight  trace  of  pre¬ 
cipitate  with  Fehling’s  solution,  which  was  too  little  to  weigh.  So 
far,  the  practical  result  may  be  summed  up  in  the  statement  that 
filtered  aqueous  flour  infusion  contains  two  or  more  varieties 
of  sugar;  these  during  the  act  of  fermentation  entirely  dis¬ 
appear. 

The  infusion  was  tested  for  proteids  by  distillation  with  alkaline  per¬ 
manganate  solution,  with  the  following  results,  calculated  to  the  per¬ 
centage  present  in  the  Hour — 

In  the  infusion  befoie  fermentation — 0'76  per  cent. 

,,  ,,  aftei  ,,  0^8,, 

Compared  with  analyses  of  other  flours,  these  quantities  are  low  ;  this 
is  lu'obably  accounted  foi-  by  a  forty  per  cent,  infusion  bdng  made, 
whereas  a  ten  ])er  c(‘nt.  infusion  is  used  in  most  analyses  ;  the  mor(‘ 
dilute  solution  e.xtracts  the  somewhat  viscous  itroteids  with  greater 
readiness.  The  only  deduction  from  these  determinations  is,  that  the 
amount  of  proteids  in  a  filtered  flour  infusion  is  practically 
unchanged  by  the  act  of  fermentation,  there  being  no  disap¬ 
pearance  whatever  of  these  bodies.  The  small  increase  observ.able 
is  ])robably  due  to  proteid  matter  being  yielded  to  the  solution  by  tlu* 
yeast  itself. 

Tin;  following  ai’c  the  results  of  tin*  f(>i-mentation  exjieriments--- 

No.  1.  Flour  Infusion,  G  oz.  ;  Fncoie  Yeast,  ]  oz.  ;  Temperature, 
25“  C. 

No.  2.  Y(‘ast  from  previous  exju'riment  after  cessation  of  ft'rmenta- 
tion  :  Sugai’,  ^  oz.  ;  AN’ater,  G  o/..,  at  25°  C. 

At  the  expii-ation  of  six  hours,  the  following  (juantities  of  gas  ha<l 
been  e\’olv(‘d  ; 

No.  1,  ...  9-G  cubic  inches.  |  No.  2,  ...  73-5  cubic  inclu's. 

As  six  ounc(‘S  of  tlu'  forty  per  cent,  flour  infusion  would  contain  the 
•soluble  matter  f)f  G8  grams  of  flour,  it  follows  that  then'  would  be 
pn'sc'iit,  according  to  t  he  analysis,  I '8!)  grams  of  sugar.  I'his  (piantity, 
if  entirely  conveit('il  during  fermentation  into  carbon  dioxide  and  alco- 


TKCIIXICAL  HKSKAHCIIKS  0\  KKltMUXTATIOX. 


•215 


liol,  would  yield  adoiit  52  cubic  inches  of  »iis  at  20°  C.  Uv  the  method 
adopted  for  testiiyij:,  15  cubic  inches  were  registered  at  tlie  elid  of  twenty- 
two  hours;  to  this  would  have  to  l)e  added  a  correction  for  the  amount 
lost  by  absorption  by  the  wat(M-,  in  order  to  ol)tain  a  correct  estimate. 
It  is  difficult,  when  the  total  (luantity  of  <,uis  (>volved  is  small,  to  deter¬ 
mine  with  accuracy  the  loss  by  absorption,  because  the  <,uis  in  the 
apiiaratus  consists  of  a  mixture  in  whicli  air  is  j)redominant,  consecjuently 
tlie  rate  of  absorption  is  less  than  with  ])ure  carbon  dioxide  ,i;as.  If  it 
were  desired  to  accurately  estimate  the  quantity  of  gas,  collection  over 
meicuiy  woulcl  have  to  be  adopted.  Ibis  is  ot  little  importance  in  the 
present  experiment,  because  the  total  measured  comes  well  within 
the  amount  of  gas  that  the  sugar  would  theoretically  yield.  In  other 
words,  there  is  no  need  to  go  outside  the  sugar  to  hiul  a  source  from 
which  the  carbon  dioxide  is  obtained,  as  the  whole  of  the  sugar  disap- 
peai  s,  and  in  the  act  of  fermentation  is  capable  of  yielding  more  ‘*‘as 
than  that  observed  to  be  evolved.  That  the  cessation  of  tVrmentatron 
is  not  due  to  the  e.xhaustion  ot  the  yeast  is  jiroved  bv  experiment  No.  2, 
in  x\  Inch  the  same  yeast  has  more  sugar  added  to  it,  when  a  vigorous 
fermentation  was  iiiiineiliately  set  up.  That  the  cessation  of  fermenta¬ 
tion  is  due  to  the  exhaustion  of  the  sugar  is  proved  by  that  compound 
being  absent  on  analysis  of  the  infusion  after  fermentation.  Summiiig 
up  the  whole  of  the  results — 


Flour  Infusion. 

After  Fer mentation. 

Sugar,  absent. 

Proteids,  0-530  grams  pri'sent. 

When  Fermentation  had  ceased, 
15  cubic  inches  of  gas  had  been 
evolved,  and  the  3'east  was  still 
une.xhaiisted,  and  capable  of  in¬ 
ducing  fermentation  in  fresh 
sugar  solution. 

Iveasoning  on  these  results,  together  xvith  those  obtained  in  the  seri(>s 
of  exjieriments  on  Hour  and  its  various  constituents  taken  separately, 
the  oiilj’  logical  conclusion  is  that  the  fermentation  of  dough  is  essimtiallj' 
a  .saccharine  fermentation. 

It  may  be  demurred  that  the  circumstances  are  dillerent  in  an 
aqueous  infusion  to  those  which  hold  in  a  tough  elastic  mass  such  as 
f  ough.  Put  it  is  inconccdvable  that  the  fermentation  actiiallv'  imme¬ 
diately^  depends  on  the  convension  of  any  but  soluble  constituents  of  the 
oui  into  gas;  thenTore,  if  those  ju-otinds,  so  soluble  as  to  pass 
t  Hough  filter  paper,  are  not  capable  of  yielding  gas  as  a  ri'sult  of 
ermentation  by  yeast,  it  follows  that  the  more  insoluble  jiroteid 
compounds  likewise  will  not  jdeld  gas.  ddie  fact  that  washed  gliitim 
yields  no  gas  affords  corroborati\'e  [iroof  of  this  point.  (The  small 
fiuantity  actually  obtained  by  expi'riment  ma\'  bi>  accounted  for  by  the 


Before  Fermentation. 

Sugar,  1-S9  grams  in  the  six 
ounces  of  infusion. 

Proteids,  0-517  grains  pre.sent. 
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well-known  diliiculty  of  actually  freeing  gluten  from  all  starchy  and 
soluble  matters).  That  the  fermentation  of  the  Hour  itself  yields  sevmral 
times  more  gas  than  does  the  filtered  infusion,  lends  no  support  to  the 
theory  that  it  is  the  proteid  matter  that  is  evolving  gas,  because  it 
has  been  shown  that  pure  ungelatinised  starch  causes  a  marked  evolu¬ 
tion  of  gas,  being  doubtless  first  converted  into  dextrin  and  maltose  by 
diastasis.  The  fermentability  of  the  washed  residue  is  also  accounted 
for  by  its  containing  starch.  Sujiposing  even  that  in  dougl),  after 
fermentation  had  ceased,  sugar  as  such  existed  and  could  be  removed 
and  detected  by  analytic  methods,  that  of  itself  would  be  no  proof  of 
the  evolution  of  gas  being  at  the  expense  of  the  proteids,  or  peptones 
derived  therefrom  (for  the  argument  ecjually  applies  to  these  latter 
bodies),  because  simultaneously  with  the  fermentation  produced  by  the 
yeast  there  is  a  production  of  sugar  by  diastasis  of  the  starch.  Fermen¬ 
tation  of  sugar  in  a  stift' dough  is  rough  work  for  3’east  cells,  and  it  may 
well  be  that  after  a  few  hours  they  are  thoroughly  exhausted,  and 
disappear  through  disru})tion  of  their  cell  walls  :  the  continuance  of 
diastasis  would  still  cause  the  slow  production  of  more  or  less  sugar. 
Further,  the  diastasis  of  the  starch  must  throughout  feianentation  pre¬ 
cede  its  subsequent  conversion  into  carbon  dio.xide  and  alcohol ;  and  so, 
if  the  reaction  be  sto))ped  at  an}’’  point,  more  or  less  sugar  wouhl  as  a 
rule  be  found.  Again  dr.awing  a  conclusion,  the  fermentation  of 
dough  is  in  part  due  to  the  fermentation  of  the  sugar  present, 
in  part  to  the  diastasis  of  a  portion  of  the  starch  of  the  flour 
and  its  subsequent  fermentation :  these  sources  are  suflBcient, 
and  more  than  suflBcient,  for  the  production  of  all  the  gas 
evolved :  these  statements  admit  of  experimental  proof. 
There  is  no  satisfactory  evidence  in  favour  of  the  gas  evolved 
being  in  any  sensible  degree  derived  from  the  proteid  con¬ 
stituents  of  dough.  It  should  be  noticed  that  no  assertion  is  made 
that  no  gas  whatever  is  derived  from  the  ])roteid  constituents  of  flour  ; 
it  is  possible  that  in  extreme  cases  gas  is  produced  fi'om  j)roteid 
matters  as  a  result  of  butyric  and  putrefactive'  fc'rmeiitations ;  l)ut  in 
oi’dinary  bread-making,  as  it  holds  in  the  United  Kingdom,  the  amount 
of  gas  deriv(;d  from  this  source  is  of  no  importance  compai'c'd  witli  that 
fi'om  sugar,  and  indirectly  from  starch.  Wliatever  amount  of  gas  there 
is  that  is  thus  obtained  from  pioteids  is  the  result,  not  of  the  action 
of  yeast,  l)Ut  of  hacteria.  Further,  tlie  statement  that  proteid  bodies 
do  not  themsc'lves  evolve  gas  during  panary  fermentation  must  not  be 
constriu'il  into  meaning  that  they  do  not  allect  tin*  (piantify  evolved. 
In  their  capacity  as  nitrogenous  yeast  fotuls,  they  aid  the  yeast  in  its 
devehjpment,  and  conse<piently  in  its  production  of  gas  by  deca)nq)osition 
(jf  saccharine  bodies. 

339.  Efiect  of  Salt  on  the  Fermentation  of  Flour.— 

.Most  bakers  ar(^  familiar  with  thi^  general  statement  that  salt  retards 
fei’inentation  :  in  order  to  detei’inine  the  amount  v)f  sucli  retai’dation 
the,  following  experiments  wer(‘  mad(‘.  In  tlu;  first.  Hour  and  water 
alone  were  fermenti’d  ;  tlu‘  others  consisted  of  Hour  mixed  with  salt 
solutions  of  various  strengths,  'fhe  ajipended  table  contains  the  re¬ 
sults  : 
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Date,  27tli  ^lay,  1885. 

No.  1.  Flour,  34  grams;  water,  G  oz.  at  30°  C.  ;  com})ressecl  yeast, 
4  oz. 

No.  2.  Flour,  34  grams ;  water,  G  oz.  at  30°  C.  ;  compressed  yeast, 
I  oz.  ;  .salt,  2’5  grams  =  D4  per  cent,  salt  solution. 

No.  3.  Flour,  34  grams;  water,  G  oz.  at  30°  C.  ;  compre.ssed  yeast, 
4  oz.  ;  salt,  5‘0  grams  =  2'9  piu’  cent,  salt  solution. 

No.  4.  Flour,  34  grams ;  water,  G  oz.  at  30°  C.  :  comjiressed  yeast, 
I  oz.  ;  salt,  8'5  grams  =  5’0  per  cent,  salt  solution. 

At  the  termination  of  six  hours,  the  following  quantities  of  gas  had 
heen  evolved  :  — 

No.  1,  ...  18-2  cubic  inches.  No.  3,  ...  15’1  cubic  inches. 

No.  2,  ...  15-2  „  No.  4,  ...  13-3 

In  the  first  test,  19‘2  cubic  inches  of  gas  were  evolved  in  seven  hours, 
while  with  1'4  per  cent,  of  salt  present  in  the  solution  (No.  2)  the  gas 
was  diminislied  to  15‘8  cubic  inches.  Summing  up  the  conclusions 
derived  from  this  series  of  experiments — 

The  use  of  a  1’4  per  cent,  solution  of  salt  instead  of  water 
produced  a  marked  diminution  in  the  evolution  of  gas. 

Increasing  the  amount  of  salt  to  2  9  per  cent,  made  very 
little  difference  on  the  speed  of  fermentation. 

With  5-0  per  cent,  of  salt,  gas  was  evolved  still  more 
.  slowly. 

I  340.  Effect  on  Fermentation  of  addition  of  various 
substances  to  Yeast  Mixture. — Taking  yeast  mixture  as  being 
a  substance  well  fitted  to  undergo  fermentation,  the  following  experi¬ 
ments  were  made  in  order  to  determine  the  efh'ct  of  the  addition  of 
•certain  other  substances  which  liave  an  important  liearing  on  the  fer¬ 
menting  operations  involved  in  bread-making.  The  appended  table  de- 
•:scribes  sufficiently  the  substances  used  in  each  test  of  the  series  ;  the 
xjuantity  of  yeast  mixture  was  constant  throughout. 

Date,  19th  May,  1885. 

No.  1.  Yeast  mixture,  ^  oz.  ;  compressed  yeast,  |  oz. ;  water,  G  oz.  at 
30°  C. 

Date,  12th  IMay,  1885. 

No.  2.  Y’east  mixture,  J,-  oz.  ;  comjiressed  yeast,  oz.  ;  water,  G  oz.  at 
30°  C.  ;  pure,  wheat  staroli,  5  grams. 

No.  3.  Yeast  mixture,  ■},  oz.  ;  compre.s.sed  yeast.  oz.  ;  water,  G  oz.  at 
30°  C.  :  wheat  starch,  5  grams,  gelatinised  and  allow'ed  to 
cool. 

Date,  14tli  iNIay,  1885. 

No.  4.  Yeast  mixture,  4  oz.  ;  compi-essed  yeast,  |  oz.  ;  water,  G  oz.  at 
30°  C.  ;  raw  Hour,  5  grams. 

Date,  13th  INlay,  1885. 

No.  5.  Yeast  mixture,  i  oz.  ;  com])res.sed  yeast,  j  oz. ;  water,  G  oz.  at 
30°  C.  ;  Hour,  5  grams,  gelatinised  witli  small  quantity  of 
water,  and  allowed  to  cool. 
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No.  G.  Y('iist  mi.xtui'f,  \  oz.  ;  compressed  yeast,  |  oz.  ;  water,  G  oz.  at 
GO’  C.  ;  ])otiito,  G  j^rams,  l)oiled. 

Date,  IStli  INIay,  188.G. 

No.  7.  Yeast  mi.Kture,  ^  oz.  ;  compressed  yeast,  \  oz.  :  potato,  o  crrams, 
ill  small  pieces,  boiled  ;  clear  Gltered  water  emjiloyed  for 
boilinii  them,  made  up  to  G  oz.  at  .GO’  C.,  and  used  instead 
of  ordinary  water. 

No.  8.  Yeast  mixture,  h  oz.  ;  compressed  yeast,  |  oz.  ;  water,  G  oz.  at 
30“  C.  ;  salt,  .G  grams  =  2'9  jier  cent,  salt  solution. 

Date,  19th  May,  1885. 

No.  9.  Yeast  mi.xture,  ^  oz.  ;  compressed  yeast,  ]  oz.  ;  water,  G  oz.  at 
30“  C.  ;  salt,  2'.G  grams  =  Dd  per  cent,  salt  solution. 

No.  10.  Yeast  mi.xture,  oz.  ;  compresseil  yeast,  |  oz.  ;  water,  G  oz.  at 
30^  C. ;  salt,  8'5  grams  =5  per  cent,  salt  solution. 

In  si.x  hours,  the  following  (quantities  of  gas  had  been  evmlved  : — • 


No.  1,  ... 

174-5  cubic  inches. 

No.  G, 

188-0  cubic  inches. 

No.  2,  ... 

173-7 

No.  7, 

...  183-5 

1  J 

No.  3, 

1G7-S 

No.  8, 

...  170-2 

M 

No.  4, 

173-5 

No.  9, 

...  178-0 

n 

No.  5, 

205-2 

No.  10, 

...  150-5 

M 

The  results  of  No.  2  are  identical  with  those  of  No.  1,  showing  that  the 
starch  under  these  circumstances  is  unact(>d  on.  This  experiment  stands 
out  in  contrast  to  that  in  a  jmn  ious  series  (paragraqih  337)  in  which 
ungelatinised  starch  was  added  to  Hour  infusion.  There,  a  diastasic 
agent  was  present,  and  diastasis  of  the  starch  ensued  ;  here,  with  yeast 
only,  the  stai'ch  remains  throughout  unaltered.  In  No.  3  the.  starch 
was  gelatinised  and  allowed  to  cool  ;  in  this  ca.se  there  is  a  marked 
diinimitio7i  in  the  evolution  of  gas  :  this  is  most  likely  due  to  the  viscou.s 
nature  of  the  litquid  containing  starch  in  solution,  the  eti'ect  being  a 
mechanical  one,  resulting  from  a  physical  retardation  of  fermentation. 
During  the  latter  jiaid  of  the  experiment,  which  altogether  extended  to 
t(‘n  hours,  tlu'  production  of  gas  excei'ds  that  in  No.  1,  amounting  to 
18.3-5  against  171'5  cubic  inches,  and  doi'S  not  terminate  until  the  end 
of  the  ten  hours,  wher('as  both  Nos.  1  and  2  ceascsl  within  six  hours. 
In  No.  1  raw  Hour  is  substituted  for  ungfdatinised  starch  :  again  a  serie.s 
of  readings  are  obtaimal  clos(‘ly  resembling  Nos.  1  and  2,  and  showing 
that  with  yeast  mixture  as  a  basis,  raw  Hour  jiroduces  no  ajipreciable 
action.  Hut  wlum  the  Hour  is  gelatinisi'd  as  in  No.  5,  tla*  evolution  of 
gas  is  more  co[)ious  and  mon*  raqiid,  and  at  the  end  of  ('ight  hours  a 
total  of  2()9-  l  cubic  inclu's  of  gas  is  rc-gistered,  with  an  increase  during 
the  last  hour  of  1  '2  cidiic  inclu'S.  (ielatinis(‘d  Hour  favours  fernumtation 
to  a  much  greatm-  extmit  than  do('s  gelatinis('d  starch  ;  tlie  ])rinciind 
chemical  dill'erence  b(‘twe(m  the  two  is  that  in  the  forimu-  tlu'ri*  are  pre¬ 
sent  th(“  proteids  of  the  Hour  non-coagulable  by  heat.  'Po  No.  G  were 
added  5  gi-ams  of  potato,  boiled  ;  I  lie  result  is  a  considerable  incn-ase  in 
the  amount  of  gas  (>volved,  which  shows  itself  more  iiarticularl}-  during 
the  earlier  period  of  fei  numtation  :  boihsl  potato  then'fore  acts  as  a 
stimulant,  and  also  furnislu's  saccharine  matter  as  food  for  the  yeast. 
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In  experiment  No.  7,  it  is  remarkable,  and  contrary  to  tlie  j^enei'ally 
received  ideas,  to  lind  tliat  tlie  clear  filtered  water  in  which  potatoes 
were  simj^ly  boiled  e.xercises  such  marked  inHutmee  on  t'ernumtation 
The  incr(‘ase  in  rapidity  of  production  of  s^as  is  very  nearly  as  i^reat  as 
when  the  whole  of  the  potatoes  are  used.  Tn  No.  7,  h  more  cubii- 
inches  of  ,u;as  were  evolved  than  in  No.  1,  the  action  terminating^  at  tin* 
same  time.  It  may  be  of  interest  to  mention  here  that  in  some  parts 
of  Lancashire,  where  it  is  a  prevalent  custom  for  families  to  make  their 
own  bread,  they  adopt  the  plan  of  setting  the  sponge  with  water  in 
which  the  potatoes  hav(‘.  been  lioiled.  Nos.  8,  9,  and  10,  were  similai’ 
experiments  to  those  of  the  preceding  series  (paragraph  3.39),  excejit 
that  the  action  of  salt  was  testial  on  yeast  mixture  instead  of  on  dour. 
No.  8  shows  a  slightly  less  ipiantity  of  gas  evolved  than  does  No.  1. 
No.  9,  on  the  other  hand,  shows  a  decided  increase  in  the  quantitj'  of 
gas  over  tliat  evolved  either  in  Nos.  1  or  8.  Tn  No.  10,  however,  where 
5  per  cent,  of  salt  is  employed,  the  gas  falls  off  to  16.0-2  cubic  inches  in 
seven  hour.s,  although  at  the  end  of  the  time  fermentation  is  still 
actively  proceeding.  Summarising  the  results  of  these  experiments, 

The  addition  to  yeast  mixture  of — 

Ungelatinised  -wheat-starch  has  no  practical  effect  on 
fermentation. 

Gelatinised  wheat-starch  at  first  retards  the  action, 
which  afterward  is  slightly  accelerated. 

Raw  flour  produces  very  little  action. 

Gelatinised  flour  induces  a  much  more  rapid  and 
copious  evolution  of  gas 

Boiled  potato  produces  a  similar  effect  to  gelatinised 
flour,  but  to  a  less  extent. 

The  water  used  for  boiling  potatoes  is  almost  as  effective 
as  the  potatoes  themselves. 

Quantities  of  salt,  up  to  3  per  cent,  of  water  used,  do 
not  retard  fermentation  greatly  :  above  that  quan¬ 
tity  salt  considerably  diminishes  the  evolution  of  gas. 

341.  Effect  on  the  Fermentation  of  Sugar  of  the  addition 
of  Flour  and  Potatoes. — As  yeast  udxture  coutains  within  itself 
not  only  sugar,  but  also  otlier  ingredients  whicli  stimulate  a  raj)id  fer¬ 
mentation,  it  was  thought  advisable*  to  rejeeat  some  of  tlui  pr(‘ceding 
experiments  with  sugar  only.  Accordingly,  the  experiments  recorded 
in  the  following  table  were;  j)erformed. 

Date,  21st  l\Iay,  188.6. 

No.  1.  Sugai-,  .\  (tz.  ;  c(mipi-(‘.ssed  t’east,  |  oz.  ;  water,  6  oz.  at  30°  C.  ; 
raw  Hour,  6  grams. 

No.  2.  Sugar,  ^  oz.  ;  comju-essed  yeast,  j  oz.  ;  water,  6  oz.  at  30°  ('.  ; 

Hour,  6  grams,  gc'latiniscd  in  small  ipiantity  of  water  and 
allowed  to  cool. 

Date,  ISth  May,  1886. 

No.  .5.  Sugar,  I  oz.  ;  compressed  yeast,  |  oz.  ;  wat(*r,  6  oz.  at  30°  ('.  ; 
potato,  6  gt-ams,  boiled. 
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No.  4.  Sugar,  |  oz.  ;  compressed  yeast,  |  oz.  ;  potato,  .5  grams,  in 
small  pieces,  boiled  j  clear  filtered  water  employed  for  boil¬ 
ing  tlumi,  made  up  to  6  oz.  at  .'30°  C.,  and  used  instead  of 
ordinary  water. 

Quantities  of  gas  evolved  in  six  hours  : — 

No.  1,  ...  S4‘.‘3  cubic  inches.  No.  .’3,  ...  138-1  cubic  inches. 

No.  2,  ...  i;35-0  „  No.  -1,  ...  i;3;3-G 

In  the  first  ex])eriment,  with  raw  flour,  the  (juantity  of  gas  evolved 
keeps  very  close  to  that  evolved  from  the  sugar  solution  and  yeast  onh', 
until  three  hours  have  elapsed.  After  that  time  the  speed  of  evolution 
of  gas  falls  of}  sharpl}',  until  in  nine  hours  the  (juantity  of  gas  evolved 
is  oidy  just  as  much  as  the  sugar  alone  had  evolved  in  six  hours.  The 
actual  diminution  of  sju^ed  of  the  evolution  of  gas,  as  a  result  of  the 
ju-esence  of  flour,  is  noticeable  in  several  ex}(eiiments.  With  gelatinised 
flour,  on  the  other  hand,  the  fermentation  jiroceeds  more  rapidly,  and 
to  a  giTNiter  extent  than  with  sugai-  onl}’.  The  S])eed  of  jiroduction  of 
gas  is  less  than  in  the  corres2)onding  exj)eriment  of  the  ju-evious  series 
with  yeast  mixture,  but  as  the  action  continues  longer  before  com¬ 
mencing  to  fall  off,  the  actual  amount  of  gas  evolved  is  about  the  .same. 
The  result  of  No.  o  with  boiled  potato  is  almost  similar  to  No.  2.  No. 
■I,  containing  boiled  potato  water,  ferments  at  almost  exactly  the  same 
rate  as  did  No.  2  with  the  whole  of  the  potato.  Summing  uj). 

The  addition  to  sugar  of-~ 

Raw  flour  retarded  the  fermentation  in  the  latter  part  of 
the  experiment. 

Gelatinised  flour,  boiled  potato,  and  boiled  potato  water, 
each  stimulated  and  increased  the  amount  of  fer¬ 
mentation  to  about  the  same  degree. 


342.  Effect  of  Temperature  on  Fermentation.  —In  order  to 

measure  cjuantitatively  the  effect  of  variations  of  temperature  on  tlu‘ 
ju'oduction  of  gas  by  fermentation,  the  following  exjierinumts  wert* 
made:  Two  different  brands  of  coinju'cssed  yeast  were  emjdoyed,  one 
of  which  is  designati'd  yeast  “A,”  the  other  yeast  “  T> ; the  same 
(juantitv  of  yeast  was  em})loyed  throughout  tlie  (‘X))eriment.  The  series 
includ(*d  tests  by  each  yeast  on  sugar,  yeast  mi.xture,  and  flour,  at  tlu* 
resjiective  temjieratuiM's  of  20°,  2.j“,  30°,  and  .■3.3°  C.  =  (G8°,  7 
and  9.3°  F.). 


'riu!  following  ai-('  the  residts  of  one  set  of  tests  ; — 

Fate,  3rd  duly,  1885.—  The  comjdete  series  at  20°  C.  made  this  day. 
,,  2nd  .Inly,  1885.-  ,,  ,,  25°  C.  ,, 

,,  .'lOtli  .lun(“,  1885. —  ,,  ,,  .‘50°  C.  ,, 

,,  29tli  .)une,  1885. —  ,,  ,,  .'35°  C.  ,, 

No.  1.  5'east  mixtui'e,  .1  oz.  ;  comjiressed  vt'ast.  A,  |  oz.  ;  water,  6  oz. 
at  30°  C’. 

No.  2.  Nb'ast  mixture,  .1  oz.  ;  eom})r('ssed  V('ast,  A,  \  oz.  ;  water,  (!  oz. 
at  25°  C. 

No.  .‘3.  Yeast  mixtur(‘,  .1  oz.  ;  comju'C'ssed  veast,  .V,  ^  o/..  ;  watei',  G  oz. 
at  ;50°  C. 
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Xo.  4.  Yeast  mixture,  A  oz. 
at  C. 

(ras  evolvt'd  at  tlie  end  of  six  hours 


coini)ressed  yeast,  A,  ]  oz.  ;  water,  G  oz. 


No.  1, 
Xo.  2, 


S.‘?-8  cubic  inches. 
11. AG 


X'o. 


No.  4, 

(At  the  end  of  three  hour.s.  Nos.  .‘1  and 


.  177'8  cubic  inches. 

.  17.Y0 

lad  evolvefl  104-2  and 


128-0  cubic  indies  respectively). 

Considering  first  tlie  sm-ies  consisting  of  yeast  A  with  yeast  ini.xture, 
a  temperature  of  2.o°  C.  increases  tlie  total  quantity  of  gas  considerably 
over  that  evolved  at  20°  C.  ;  a  further  increase  to  30°  more  than  doiihles 
the  avei-age  speed  of  evolution  of  gas.  Ueyond  30°  the  amount  of  gas 
evolved  is  not  materially  increased  with  the  rise  in  temperature,  thus 
at  3o  C.  there  is  very  little  more  gas  evolved  that  at  30°  C.  In  the 
.series  when,  sugar  is  substituted  for  yeast  mixture,  the  production 
of  gas  is  le.ss,  but  the  .same  general  relation  exists  between  the  various 
members  of  the  series. 

Y  ith  Hour,  on  the  other  hand,  there  is  a  more  equal  increase,  as 
shown  by  the  following  table,  still  there  is  a  greater  increase  between 
Nos.  2  and  3  than  the  others  : — 


No.  1. 


No. 

No. 

No. 


Flour,  34 
20°  C. 
Flour,  34 
25°  C. 
Flour,  34 
30°  C. 
Flour,  34 
35"  C. 


grams 


compressed  yeast.  A,  oz. 
comjiressed  yeast.  A,  oz. 
compressed  yeast.  A,  |  oz. 


compressed  yeast.  A,  |  oz. 


water,  G  oz.  at 
water,  G  oz.  at 
water,  G  oz.  at 
water,  G  oz.  at 


Gas  evolved  at  the  end  of  six  hours 


1^70.  1,  ...  14-G  cubic  inches. 

No.  2,  ...  18-2 


^7o.  3,  ...  24-4  cubic  inches. 

No.  4,  ...  28-3 


Another  precisely  similar  series  of  experiments  were  made  with  L> 
yeast,  which,  being  the  stronger  yeast  of  the  two,  gave  off  in  every 
case  inore  yeast  than  did  yeast  A  in  the  corresponding-  exjieriment. 
I  Ins  difterence  was  not  so  striking  when  yeast  mixture  was  u.sed,  be¬ 
cause  its^  stimulating  effect  helped  the  weak  yeast  projiortionally  the 
iiun-e.  lJut  in  sugar  each  yeast  has  to  depend  more'  fully  on  its  own 
vitality  in  producing  fermentation.  Consequently  the  stronger  yeast 
F  camses  the  evolution  of  a  proportionately  higher  quantity  of%is  than 
does  the  yeast  A.  =  1  J 

iSummarising  the  results  obtained  — 

In  the  three  rnedia  employed,  the  rapidity  of  production  of 
gas  increases  with  the  temperature  ;  this  increase  is  more 
marked  between  25°  and  30°  than  between  30°  and  35°  C. 

.  of  Yeasts  at  High  Temperatures,  in 

lew  ot  the  fact  that,  in  baking,  som(>  of  the  work  of  the  yeast  is  done 
in  tlie  oven,  it  becomes  of  interest  to  ascei-tain  how  diirercnt  yeasts 
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behave  as  feriiieiitiii,<f  agents  at  liigli  temperatures.  For  tliis  purpose 
tlie  following  experiments  were  made  : — 

EXFEHIMENT  ON  VEAST  AT  77°  J'.  (25°  C.) 

Quantities  taken — yeast,  j  oz. ;  flour,  2'4  oz.  ;  water,  G  oz. 

No.  1.  -  -Compres.sed  distillers’  yeast. 

,,  2. — Compre.ssed  brewers’  yeast,  ordinary. 

„  3. —  „  „  „  speeial. 

,,  4. — Thin  brewers’  yeast. 


OAS  EVOLVED  IN  CUBIC  INCIIE.S. 


Time. 

No.  1. 

No.  -2. 

No.  3. 

No.  4. 

I  hour 

4-0 

2*0 

7-0 

2  hours 

6*0 

15-0 

3  ,, 

i‘5‘o 

10*0 

18-5 

4-0 

4  . 

13-0 

22  *5 

6-5 

5  )>  . 

8*0 

5-2  „  . 

21  *0 

7  . 

22  ’0 

Yeasts  Nos.  1  and  4  were  next  tested  in  pri'cisely  the  same  manner, 
excej)t  that  the  tempm-ature  was  raised  to  122°  F.  (50°  C.)  The 
following  were  the  results  : — 


(;a.s  evolved  in  cubic  inches. 


Time. 

No.  1. 

No.  4. 

I  hour 

13-0 

I  *0 

2  hours  ... 

2273 

2 , , 

23-15 

3 

.Stop 

1-5 

Notice  how  completely  No.  4  ceases  work  at  this  higher  temperature ; 
while  No.  1  for  a  time  is  even  more  energetic  in  action. 

Jn  the  iKixt  place  a  series  of  tests  were  made,  at  loF  F.  (50°  C.). 
The  (juantities  taken  were  not  precisely  the  same  as  in  the  previous 
tests,  but  are  given  in  detail. 

No.  1.  Compressed  distillers’  yeast,  j  oz.  ;  tloiu-,  1-2  oz.  ;  water,  G  oz. 
No.  \a.  Yeast  as  No.  1  ;  sugar,  j  oz. ;  water,  G  oz. 

[No.  4.  Thin  brewers’  yeast  did  not  work  with  Hour  at  122°  F.] 

No.  \a.  Thin  bn'wer.s’  yeast,  ]  oz.  ;  sugar,  |  oz.  ;  water,  G  oz. 

No.  5.  Anothei-  samphi  compressed  distillers’  yeast,  |  oz.  ;  flour,  1'2 
oz.  ;  watei',  G  oz. 

No.  5n.  Yeast  as  No.  5;  sugar,  ]  oz.  ;  watci-,  G  oz. 
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Ti.me. 

No.  1. 

No.  la. 

No.  4a. 

No.  i). 

No.  5a. 

15  minutes 

I  -0 

1-25 

2*0 

2*0 

30  !> 

4-0 

5-0 

275 

30 

I  hour 

625 

775 

275 

3''J 

3'5 

2  hours 

6-5 

375 

4-0 

3-5 

5-5 

7-0 

10*0 

575 

4  ,,  . 

Stop 

1075 

Stop 

4-0 

7-5 

Conipann<r  the  two  samples  of  distillers’  yeast;  No.  1,  it  will  be 
noticed,  works  more  vigorously,  both  in  Hour  and  iu  sugar,  than  No.  5. 
The  thin  bi ewers  yeast,  iNo.  4,  wc)rks  at  this  temperature  in  sugar; 
although  iiiacti\e  in  Hour  and  water,  at  a  tempei'ature  lower  by  nine 
degrees.  At  a  temperature  of  140°  Fahr.,  neither  Nos.  1  nor  4  evolved 
any  gas  in  a  sugar  solution.  These  results  agree  broadly  with  the 
general  behaviour  of  the  yeasts  during  baking;  further  investigation  is, 
howe\ei,  necessary  in  order  to  check  this  mode  of  testing  against  actual 
practical  experience  with  the  same  yeasts. 


344.  Comparative  Fermentative  Tests  with  Brewers’ 
and  Distillers’  Yeasts  in  Flour  and  Sugar  Solutions.— 

The  following  experiments  wmre  made  with  the  view'  of  comparing  the 
fermentative  capacity  of  brewers’  and  distillers’  yeasts  in  Hou  °  and 
sugar  solutions  re.spectively  : — 


No. 

No. 

Fo. 

No. 

No. 

No. 

No. 

No. 

No. 

No. 

No. 


Date,  22nd  October,  1H85. 

1.  Yeast  mixture,  h  oz.  ;  water,  G  oz.  at  2.5“  C.  ;  French  com¬ 

pressed  yeast,  ^  oz. 

2.  (Sugar,  oz. ;  water,  G  oz.  at  2.5°  C. ;  French  compresst'd  yeast, 

‘  oz.  ’ 


3.  Flour,  GeS  grams  ;  water,  G  oz.  at  25“  C. ;  French  comin-ossed 


1  i 

4.  Yeast  mixture,  h  oz.  ;  water,  G  oz.  at  25“  C. ;  compressed  Eno-- 

lish  brewers’  yeast,  ]  oz. 

5.  Sugar,  i  oz.  ;  water,  6  oz.  at  25“  C.  ;  compressed  Engli.sh 

brew'ers’  yeast,  j  oz. 

G.  Flour,  G8  grams  ;  water,  C  oz.  at  25“  C. ;  compressed  English 
brew'ers’  yeast,  |  oz. 

Date,  23rd  r)ctob(U’,  1885. 

7.  Sugar,  -J  oz.  ;  water,  G  oz.  at  25’  C.  ;  comiiressc'd  Emdish 

brew'ers’  yeast,  oz.  ” 

8.  Flour,  G8  grams  ;  water,  G  oz.  at  25“  C. ;  comi.ressed  English 

bi'cwm-s’  ycsist,  |  oz. 

9.  Flour,  G8  go-ams  ;  sugar,  ’  oz.  ;  watrn-,  G  oz.  at  25°  C. ;  com¬ 

pressed  English  lirewers’  yeast,  ^  oz. 

10.  Sugar,  ^  oz. ;  water,  G  oz.  at  25’  C. ;  Ih'igliton  brew  ers’ yeast, 

as  sl<immed,  oz. 

11.  Flour,  G8  grams;  water,  G  oz.  at  25°  C. ;  Drighton  brewers’ 

yeast,  |  oz. 
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Till'  fullowiiiif  wore  the  (luantitios  of  gas  evolved  in  six  liours  : — 


No.  1, 

91’2  cubic  inches. 

No.  7, 

.  80-3 

cubic  inches. 

No.  2, 

...  40'8  „ 

No.  8,  .. 

0-5 

No.  3, 

...  32-3 

No.  9, 

1-0 

No.  4, 

...  Iirr2 

c 

o 

.  72-0 

No.  5, 

...  80-0 

No.  11,  .. 

1-0 

5) 

No.  G, 

...  1-9 

Nos.  1 

and  2  call  for  no  sp(*cial  remark,  lieing 

similar 

in  character 

many  tests  previously  made.  The  (piantity  of  Hour  in  No.  3  is  double 
that  used  in  jirevious  experiments^  the  object  binng  to  get  a  mixtui-e 
wliicli  should  be  a  nearer  assimilation  to  dough,  while  still  possessing' 
sufficient  tluidity  to  permit  the  escape  of  the  jmoduced  gas.  As  might 
be  expected,  the  amount  of  gas  evolved  is  higher  than  in  tests  where  34 
grams  were  used.  Nos.  4  and  o  were  tests  with  the  compressed  brewei’s’ 
yeast — there  is  a  more  rapid  evolution  of  gas  than  in  the  corresponding 
tests  with  the  French  yeast  ;  so  far,  the  verdict  would  be  in  favour  of 
the  English  yeast  as  being  a  stronger  yeast.  This  verdict  is  borne  out 
by  the  results  of  commercial  use*  of  the  yeast  for  brewing  purposes.  In 
Belgium,  the  fiscal  laws  require  that  distillers  shall  absolutely  complete 
the  fermentation  of  their  wort  or  “  mash  ”  within  twenty-four  hours  ; 
they  therefore  use  the  strongest  and  most  energetic  yeast  obtainable. 
English  br(‘wers’  yeast  is  consequently  largely  exported  to  Belgium  for 
distillers’  use,  having  a  preference  given  it  over  French  and  other  con¬ 
tinental  yeasts.  Next  comes  test  No.  6,  the  results  of  which  are  most 
remarkable  ;  the  English  yeast,  which  had  been  by  far  the  stronger  in 
both  yeast  mi.\ture  and  sugar  solutions,  causes  practically  no  evolution 
of  gas  whatever  from  the  dour  mixture.  On  the  next  daj'  some  of  the 
exi)eriments  were  repeated,  together  with  others.  No.  7  was  a  duplicate 
of  No.  5  (with  sugar)  and  yields  similar  results;  No.  8  was  a  duplicate 
of  No.  G,  and  of  tin*  two,  results  in  the  ju'oduction  of  still  less  gas ;  there¬ 
fore,  the  results  of  the  first  day’s  experiments  were  confirmed  by  those  of 
the  second.  In  No.  1),  there  was  addi'd,  in  addition  to  flour,  a  half 
ounce  of  sugar,  with  the  surprising  result  that  in  this  case  also  only  om* 
cubic  inch  of  gas  was  evolved  in  six  hours.  No.  10,  in  which  a  local 
brewers’  yeast  was  used,  showed  an  evolution  of  gas  in  large  iiuantity  ; 
but  in  No.  1 1,  the  same  yeast  caused  an  evolution  of  but  one  cubic  inch 
of  gas  in  six  hour.s. 

In  fui'tlu'r  examination  of  this  point  the  following  experiments  have 
recently  been  made  : — 


No.  1.  Sugar,  20  grams;  water,  200  c.c.  at  30°  C.  ;  distillers’ yeast, 
1  gram. 

No.  2.  Flour  (soft  English),  oO  grams  ;  Avater,  200  c.c.  at  30°  C. ; 
distillers’  yeast,  1  gram. 

No.  3.  Sugar,  20  grams  ;  water,  200  c.c.  at  30°  C.  ;  brewers’  yeast 
(uncompi’essed),  2  grams. 

No.  4.  I’lour,  4)0  grams;  Avat(>r,  200  c.c.  at  30°  C. ;  brcAvers’  yeast,  2 


grams. 

The  following  Avei'e  the  quantities  of  gas  evolved  at  the  end  of  six 
hours  : — 
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No.  1,  cubic  ccntiinetl'cs. 

No.  2,  315  „ 


No.  3,  olfi  cubic  ccntiiiieti'c.s. 
No.  4,  36  „ 


Tt  will  be  noticed  once  more  that  whereas  the  brewers’  yeast  <--ave 
more  gas  from  sugar,  yet  it  was  practically  inoperative  on  Hour,  confirm- 
ing  again  the  results  of  the  previous  series. 

Another  set  of  e.xperiments  was  next  made  in  order  to  determine  the 
effect  of  the  presence  of  varying  (juantities  of  Hour  on  the  fermentation 
ot  brewers  yeast  and  sugar.  The  following  quantities  were  taken  : _ 


No.  1. 
No.  2. 
No.  3. 
No.  4. 
No.  5. 
No.  6. 


Sugar. 

B'lour. 

U’ater. 

Brewers’  Veast. 

10  grams. 

0  grams. 

200  C.C. 

2  grams. 

M 

10  „ 

O 

V 

20  „ 

J  5 

30  „ 

40  ., 

5  5 

*  •) 

50  „ 

55 

At  the  end  of  six  hours  the  following  quantities  of  gas  had  been 
evolved  : — 


No.  1, 
No.  2, 
No.  3, 


320 

50 

20 


cubic  centimetres. 

55  n 


No.  4, 
No.  5, 
No.  G, 


17 

17 


cubic  centimetres. 


The  addition  of  10  grams  only  of  flour  to  No.  2  was  sufficient  to  drop 
the  evolution  of  ^as  from  320  c.c.  to  50  c.c.  in  the  six  hours,  while  20 
grams  of  flour  restricted  the  evolution  of  gas  to  20  c.c.  Beyond  this 
amount  an  increase  of  flour  did  not  cause  a  marked  diminution  in  gas  ; 
in  No.  4,  in  fact,  the  quantity  of  gas  is  more,  due,  doubtless,  to  s^me 
mregularity  in  the  experiment.  Nos.  5  and  G  had  both  evolved  17  c.c. 
m  4  hours,  and  remained  stationary  from  that  time  onwards. 

In  Older  to  still  further  elucidate  these  points,  the  following  experi¬ 
ments  were  made  : — 


Sugar.  B’ldur.  Water.  Brewers’  Veast. 

10  grams.  0  grams.  200  c.c.  1  gram. 

”  ))  )>  „ 

>>  M  ,, 

”  >»  ))  ,, 

In  all  cases  fermentation  was  conducted  at  a  tempm-ature  of  25”  C. 
The  following  are  the  (juantities  of  gas  evohaal  in  cubic  centimetres, 
leacings  being  taken  at  the  end  of  each  hour  from  the  coinmencenumt. 
the  figures  oj.j.osite  the  brackets  are  the  (juantities  of  gas  evolved  in 
(*ach  sejiarate  hour  ; — 


A,  Series. 

No.  1. 
No.  2. 
No.  3. 
No.  4. 
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GAS  EVOLVED. 


series,  similar  to  A,  except  that  compressed  distillers’  yeast  was 
used  throughout  instead  of  brewers’ yeast ;  ijuantities  as  before,  1  gram. 


GAS  EVOLVED. 


Time. 

No.  1. 

1  " 

X(i.  3, 

No.  4. 

o 

°  1 

'  0, 

d 

1 

9 

I  hour 

9 

10 

17  j 

-  20 

2  hours 

20 

20  1 

37 

30 

47 

4S 

65 

45 

3  M 

65 

-T  ' 

D/  1 

”7 

1  S 

85  j 

1  ^5 

15 

-  9 

66^ 

4 

90 

So 

73 

37 

-50 

1 16  < 

[  20 

5  M 

163 

117 

105 

247-’ 

58 

\  •7  0 

iSS^ 

b' 

142  ’ 

6  ,, 

175  ' 

A  curious  point  in  both  these  series  of  tests  is  the  falling  oil  in  gas 
evolution  during  the  middle  portion  of  the  time  of  fermentation.  The 
fermenting  vessels  of  all  the  numbm's  of  each  series  were  placetl  in  the 
same  water-bath,  and  .so  weri^  subjected  to  the  .same  conditions  of  tem¬ 
perature.  The  two  sm’ies,  howevc'r,  show  tlie  same  characteristics  in 
ev(‘rv  case,  though  tlie  tests  were  made  on  dill'erent  days.  With 
brewers’  yeast  tlie  addition  of  even  smaller  (plant itii's  of  Hour  exerts  in 
every  case  a  retarding  inlluence  in  tlii!  evolution  of  gas.  Tlu*  samjde  of 
yeast  emjiloyed  in  the.se  e.xperiments  was  in  the  licpiid  form,  and  much 
weaker  than  some  obtaiiu'd  tor  the  tests  descriln'd  in  preceding  jiara- 
grajihs.  Some  judgment  must,  therefore,  be  e.xercised  in  comjiaring  the 
results  of  one  series  with  others  made  at  other  times  with  totally  dill'er- 
ent  yeasts. 

Flour  also  e.xerted  a  retarding  inlluence  on  the  fermentation  with 
distillers’  yeast. 
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An  attempt  was  next  made  to  determine  if  possible  wliich  of  the 
eonstitnents  of  flour  exerts  the  retarding  influence.  The  most  im¬ 
portant  of  these  are  starch,  gluten,  and  soluble  proteids.  A  series  of 
experiments  with  starch  instead  of  Hour  was  easily  arranged.  It  is 
obviously  impossible  to  incorporate  gluten  with  water  and  sugar  in  the 
same  way  as  flour,  water,  and  sugar  can  be  mixi'd,  so  no  direct  experi¬ 
ments  were  made  with  gluten.  In  imitation  of  the  soluble  Hour  pro¬ 
teids,  mixtures  were  made  of  water,  sugar,  and  desiccated  white  of  egg 
(albumin).  Particulars  follow  of  the  various  fermentation  experi- 


ments  :  — 

C  Stries. 

Sugar. 

Wheat  starch. 

Water. 

Brewers’  Yeast. 

No.  1. 

10  grams. 

0  grams. 

200  c.c. 

1  gram. 

No. 

5  „ 

No.  ;i 

5’ 

10  „ 

n 

No.  I. 

20  ., 

J  * 

5? 

OAS  EVOLVED. 

I  Ti.mk. 

No.  1. 

No,  2. 

1 

No.  3. 

1 

No.  4.  j 

1 

! 

!  0  . 

1 

5 

5 

5{  ' 

°l-3 

“1- 

1  I  hour 

5 

1 

2 

7  1 

1 

2  hours 

12 

: 

3 

10 

O'*  ' 

-j  1  1 

1 

3  j  > 

10 

10 

5 

'5 

5 

4  ,, 

20  ; 

25  { 

15  ! 

1 

17 

32-', 

10 

25) 

3. " 

,  5  M 

40  1 

-10 

35  ’ 

53!" 

i  0  ,, 

t 

44 

D  series,  similar  to  C,  excejit  that  1  gr; 

im  of  conmressed  distillm-s’ 

yeast  was  substituted  for  the  brewers’  yeast. 

HAS  EVOLVED. 

1 

'I’l.MU. 

1 

No.  1. 

No.  2. 

^lO.  3. 

No,  4. 

1 

i 

1  o  . 

O  , 

°1 

°1 

17 

°f 

1 

'  20 

1  hour 

-0) 

19 

30 

16 

33  , 

2  hours 

39 

27 

66 

1 

28  ] 

19 

1  24 

57 

^  n 

:  49 

22 

50  \ 

!  -24 

30 

) 

100  ' 

}5o 

150 

35 

4  m 

73 

S7 

j47 

1 34  I 

95 

•50 

1231 

1  20 

143-’ 

5  n 

1 

35 

130^ 

33 

167 

1  ‘ 
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With  both  brewers’ yeast  £Uid  compressed  yeiist  tlie  presence  of  starch 
is  accompanied  l)y  an  increased  evolution  of  gas.  Tlie  increase  is  some- 
what  erratic  in  the  brewers’  yeast  series,  but  still  is  very  noticealde 
With  the  compressed  yeast,  a  regularly  increasing  amount  is  obtained 
with  each  increase  of  iidded  starch.  Wheat  starch,  then,  cannot  be 
viewed  under  these  conditions  as  the  agent  of  retardation  ;  the  curious 
])oint  is  its  stimulating  elfect.  This  can  scarcely  l)e  ascribed  to  the 
starch  itself.  Possibly  ii  trace  of  stimulating  nitrogenous  matter  was 
present  in  the  starch. 


E  Series. 

Sugar. 

Albumin. 

Water. 

Brewers'  Vea.st. 

No.  1. 

10  grams. 

0  grams. 

200  c.c. 

1  gram. 

No.  2. 

•  ? 

0-5  „ 

n 

No.  ;5. 

1-0  „ 

•  ? 

No.  4. 

•  y 

-’■0  „ 

1 » 

. , 

No.  5. 

5-0  ., 

1  ^ 
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Timk. 

No.  1. 

No. 

2. 

No. 

3. 

No. 

4. 

Xo.  5. 

0 

°1 

4 

1 

5 

,  / 

3 

0 

1 

J 

0 

,1  ■ 

"  1 

I 

hour 

5 

n 

5 

roJ 

5 

1 

7 

10 

4 

2 

hours 

9 

10 

12 

6 

6 

1 

20  •{ 

10 

y 

12 

9 

3 

M  •  ‘  • 

15 

24 

•5 

5 

20  \ 

4 

30^ 

10 

1 

1 1 

1 

4 

)  ,  ...  ... 

20 

16 

35 

-5  1 

7 

30  { 

10 

.oj 

20 

1  -7  r 

1 

5 

*  >  •  •  •  •  •  • 

27 

55 

so 

18 

10 

J 

9 

J 

26 

35 

6 

45 

40 

Si 

ss^ 

P  series,  similar  to  E,  except  that  1  gram  of  compressed  distillers’^ 
veast  was  sul)jected  for  the  brewers’  yea.st. 


(;AS  EVOLVED. 


Timk. 

No. 

1. 

No. 

2. 

No. 

3. 

Xt).  4. 

No. 

0 

0 

°  I 

0  I 

, 

\ 

1 

5 

1 

j 

4 

1 

1 

4 

1 

1  / 

I 

hour 

5 

4 

loj 

7 

7  ' 

( 

6 

1 

6 

6 

'  7 

1 

2 

liours 

1 1  ; 

10] 

5 

1 

1 2 

1 

20  -j 

10 

1 

1  1 

12 

12 

3 

-J  \ 

1 

30  . 

^  10 

17 

'7 

29] 

9 

’J 

j5  1 

14 

‘3 

4 

. 

40 

17 

I  1 

17 

46  ] 

19 

65  { 

S4^ 

0 

0 

1 

40^ 

so-* 

1 

5 

>  t  •  ■  •  •  •  • 

57 

52' 

74^ 

60 

77  -* 

20 

10 

•7  7 

42 

6 

)  >  ...  ... 

102  ' 
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Witli  botli  lirewers’  and  distillers’  yeasts,  the  addition  of  a  small 
tluantity  of  albumin,  0'5  grams,  depressed  the  evolution  of  gas ;  with 
larger  quantities  a  decidedly  stimulating  action  occurred,  due  probably  to 
more  or  less  peptonisation  of  the  proteid. 

With  starch  and  soluble  proteid  matter  eliminated  from  among  the 
retarding  agents,  we  must  fall  back  on  gluten  as  the  probable  eli'ective 
bod}’  in  slowing  down  the  fermentation  of  Hour  and  water.  This  etfect 
is  most  likely  due  to  its  peculiar  jihysical  characbu’s.  As  to  why  dis¬ 
tillers’  yeast  is  .so  much  better  able  to  overcome  this  resistance  of  gluten 
than  is  brewers’  yeast  is  a  matter  still  awaiting  investigation.  On  the 
assuuqttion  that  the  e^jilanatiou  may  possibly  be  found  in  there  being 
differences  in  their  power  of  inducing  physical  alteration,  experiments 
were  made  to  elucidate  this  point.  Two  doughs  were  machine-mixed 
from  the  following  ingredients  : — 

Xo,  I,  Spring  American  Second  Patent  Flour,  840  grams. 

Salt,  ...  ...  ...  ...  ...  9  ,, 

Water,  ...  ...  ...  ...  ...  446  ,, 

Compressed  Distillers’ Yeast, ...  ...  15  ,, 

Xo.  2  same  as  No.  1,  except  that  30  grams  of  liquid  brewers’  yeast 
were*  substituted  for  the  distillers’  yeast. 

The  temperatures  of  the  doughs  when  made  was  83°  F.  ;  they  were 
kept  warm,  and  covered  with  a  damp  cloth  to  j)revent  evaporation.  At 
intervaLs,  jiortions  of  each  dough  were  removed,  and  kneaded  to  exactly 
the  .same  extent  in  a  small  doughing  machine,  so  as  to  drive  out  the 
whole  of  the  gas.  The  stiffness  of  this  dough  was  then  tested  by  the 
viscometer  (see  Chajiter  XXI.),  and  the  percentage  of  gluten  determined. 
The  following  are  the  results  : — 

COMPARATIVE  TESTS  MITH  DISTILLERS’  AND  KREWERS’  YEASTS. 


Time  of  Test, 

No. 

1,  DtSTII.LKKS’. 

No. 

‘2,  Rrkweks’. 

Visco- 

Wet 

Dry 

Visco- 

Wet 

Dry 

meter 

Oliiten. 

Gluten. 

meter 

Gluten. 

Gluten. 

Reiuling. 

Per  Cent. 

Per  Cent. 

Reading. 

Per  Cent. 

Per  Cent. 

Immediate  ... 

no" 

267 

8-3 

138" 

28  7 

9‘1 

I  hour 

94" 

28-8 

73" 

297 

8-9 

3  hours 

173" 

267 

8-5 

65" 

32-0 

9-2 

5  M  . 

96" 

287 

9-1 

3N' 

31-3 

8-9 

10  . . 

50" 

27'3 

87 

37" 

307 

9-2 

22  „  . 

101" 

287 

8-9 

60" 

327 

9-2 

ith  Xo.  1,  the  viscometet 

result 

at  the 

(‘11(1  of 

three  hours  was 

r  somewhat  anomalous,  but  was  conlirmed  by  a  duplicatt^  tc'st.  In  each 
case  then;  is  a  falling  off  in  stidhess  during  the  tim  hours,  but  consider¬ 
ably  more  with  the  l)rewcrs’  than  the  compressed  yeast.  On  standing 
overnight,  the*  viscosity  of  Ijoth  had  I'ismi.  Xo  gri'at  alteration  occurs 
during  this  time  in  tlu;  percentage  of  dry  gluten  olitained,  l)ut  in  the 
■case  of  the  brewc.M-s’  yeast  dough  the  gluten  bi'canu'  much  softc'r  and 
more  watery,  this  being  shown  by  a  markisl  inciasisi^  in  weight  in  the 
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wet  state.  The  gre.ater  softening  of  tlie  gluten  may  be  tin*  cause  of 
brewers’  made  dougli  yielding  a  “runny”  loaf;  but  this  does  not 
account  for  the  much  slower  evolution  of  gas  when  a  thin  batter  of  tloui’, 
water,  and  sugar  is  subjectefl  for  fermentation.  It  cannot  as  yet  be 
said  that  the  problem  has  received  a  complete  solution. 

345.  Brewers’  Yeast  and  Ferments.  -When  brewers’  yeast 
is  emj»loyed  for  bread-making  purposes  it  is  usual  to  tirst  allow  the 
yeast  to  develop  in  a  “  ferment,”  generally  comjiosed  of  boiled  potatoes 
rubbed  down  through  a  .sieve  into  water,  and  a  little  raw  flour  added. 
In  order  to  ascertain  the  effect  of  different  substances  as  constituents  of 
a  “ferment,”  the  following  experiments  wen'  made  : — 

Water.  Brewers'  Yeast. 

No.  1.  Sugar,  1  gram,  ...  ...  200  c.c.  2  gniins. 

No.  2.  Boiled  potatoes,  .o  grams,  ...  ,,  ,, 

No.  .3.  Filtered  potato  juice,  10  grams,  ,, 

No.  4.  jNIalt  extract,  2 -.5  grams,  ...  ,,  ,, 

No.  5.  Diastasic  malt  extract,  2 '5  grams,  ,.  ,, 

No.  0.  „  ,,  „  killed,  2  5  grams,  ,,  ,, 

No.  0  was  jtreciselj^  similar  to  No.  5,  except  that  the  solution  had 
been  raised  to  the  boiling  jioint,  with  the  view  of  de.stroying  the  dias¬ 
tase  present. 

The  following  were  the  rpuantities  of  gas  evolved  after  six  and  a  half 
hours’  fermentation  at  30°  C.  : — 


No.  1,  125  cubic  centimetres. 

No.  2,  25 

No.  3,  16  „ 


No.  4,  ICO  cubic  centimetres. 
No.  5,  76  ,, 

No.  6,  74  ,, 


After  fermentation  had  ceased,  and  about  twenty  hours  from  the 
commencement  of  the  exiieriment,  50  grams  of  Hour  were  added  to 
each  “ferment,”  and  the  bottle  again  immersed  in  the  bath  at  30°  C., 
and  readings  taken  of  the  quantities  of  gas  evolved.  At  the  end  of  .six 
hours,  these  were 


No.  1,  23  cubic  centinu'tres. 

No.  2,  1 1 

No.  3,  31 


No.  4,  43  cubic  centimetres. 

No.  5,  15  ,, 

No.  6,  30  ,, 


As  a  ferment  constituent  potato  juice  causes  the  evolution  of  less 
gas  than  do  potatoc'S,  while  as  a  stimulant  on  the  j-east’s  after  power  of 
inducing  tennentation  in  flour  the  juice  is  far  tin'  more  ('tlicacious. 
While  the  gas  evolved  in  the  two  diastasic  malt  {'vti'act  solutions  is 
])ractically  th('  same,  that  in  which  the  diastase  had  been  destroyed 
acted  in  this  case  as  the  more  energetic  aft('r-stimulant  of  Hour  fer¬ 
mentation.  Bo-ssihly  a  concentrated  solution  of  diastase  may  exc'rt 
some  I'ctarding  influence  on  tin*  ('iiergy  of  yeast.  In  an  expt'riment 
conducted  in  this  fashion  the  action  of  the  yeast  in  tin'  mixture  of  Hour 
and  water  is  less  in  all  casi's,  ('xcept  No.  4,  than  when  tin'  yt'ast  and 
Hour  mixtui-e  ai'(' fi'niK'iited  direct.  Dui'ing  tlu'  working  of  the“ft'r- 
nient,”  th(' operation  was  carried  on  without  act'css  of  air,  a  condition 
which  may  havi'  had  a  retarding  action  on  tlu'  eiu'rgy  of  theyt'ast. 
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EXPERIMENTAL  MORK. 

346.  Tlie  student  who  lius  tlie  opportunity  will  do  well  to  pei'fonn 
for  himself  most  of  the  experiments  described  in  this  chapter,  and  com- 
{)aie  the  results  he  obtains  with  those  here  recorded.  He  should  com¬ 
mence  h}’  makin<'  dui)licate  te.sts  with  the  same  yeasts,  in  order  to  f'ain 
the  reipiisite  accurac}'  and  practice  in  working.  The  experiments 
described  in  the  333rd  and  following  paragraphs,  oi’  as  many  of  them 
as  jiracticahle,  should  be  performed.  It  is  recommended  that  2.3°  C.  he 
adopted  as  the  standard  temperature  throughout  the  experiments, 
instead  of  30°  C.  Practical  directions  follow. 

347.  Apparatus  requisite. —-Water-hath  to  hold  yeast  bottles, 
sets  of  yeast  testing  apparatus,  pneumatic  troughs,  bunsen  burner  and 
automatic  temperature  regulator,  thermometer,  etc. 

The  water  !  lath  may  conveniently  consist  of  a  large  iron  saucepan  (or 
Scotch  “goblet”);  to  this  should  be  attached  a  side-tube,  by  means  of 
which  the  height  of  the  water  in  the  bath  may  be  regulated  :  for 
description  of  this  very  useful  device  see  Chapter  XXI.  Regulate 
the  height  of  the  water  in  the  bath,  so  that  the  yeast  bottles,  when 
charged,  shall  be  on  the  verge  of  floating,  the  surface  of  the  lirpiid 
in  the  bottle  will  then  be  about  an  inch  below  that  of  the  water  in  the 
bath.  During  very  hot  weather,  and  particularly  when  working  at  the 
lower  temperatures,  it  is  advisable  to  have  a  stream  of  cold  water  run¬ 
ning  through  the  bath.  For  this  purpose,  lead  the  end  of  a  jdece  of 
bent  tube,  connected  with  a  water  tap,  into  the  hath  over  the  top,  on 
the  opposite  sifle  to  side-tube  before  I’eferred  to  :  turn  on  a  small  stn'am 
of  water  through  this  bent  tube,  scarcely  more  than  what  would  cause 
rapid  dropping  from  its  end.  Water  will  then  he  continually  finding 
its  way  in  through  this  tube,  and  making  its  exit  through  the  side-tube  : 
thus  loweiing  the  temperature  when  necessary.  Do  not  let  the  stream 
from  this  cold  water  tube  impinge  directly  on  either  of  the  yeast  bottles. 

The  construction  and  arrangement  of  the  yeast  testing  apparatus  and 
pneumatic  troughs  have  already  been  sufficiently  fully  describe<l. 

348.  Automatic  Temperature  Regulator.  The  bath  is 

warmed  by  means  of  a  bunsen  burner  arranged  underneath,  and,  in 
order  to  maintain  the  temperature  at  any  desinal  point,  an  automatic 
regulator  is  employed.  As  an  unvarying  tem})erature  is  necessary  for 
several  other  chemical  operations,  a  detailed  descrijition  f)f  such  an 
automatic  regulator  is  given.  There  are  sevei-al  of  these  instruments 
made  and  sold  under  various  names  ;  but  for  general  jnirposes  tlu' 
author  prefers  the  following  modification,  designed  l)y  himself,  and 
shown  in  figure  21. 

The  instrument  consists  of  a  bulb,  a,  about  4  inches  long,  and  ■_l 
inch  in  diameter  ;  to  this  is  attached  a  stimi,  //  l>,  about  a  \  inch 
diameter,  and  G  inches  long.  This  shmi  bends  ovci"  at  the  to]>,  and  is 
connected  with  a  U-tubc;,  r  e,  j  inch  diamet(;r,  in  which  arc'  blown  2 
bulbs  as  figured,  f  f,  about  inch  diametc'r.  The  one*  end,  c,  of  this 
U-tuhe  is  closed  with  a  stopjeer,  which  is  ground  in  with  extrenu' 
accuracy.  From  the  centre  of  the  Icottom  of  this  stopper,  a  hole,  is 


THE  SCIENCE  AND  ART  OF  liREAD-MAKlNG. 


■2:V2 


bored  ui)war(ls  for  a  sliort  distance,  whicli  hole  joins  anotlier  bored 
inwards  througli  the  side  of  the  stopper ;  tliis  liole, 
tlierefore,  atiijrds  a  passage  up  througli  the  Ijottoin 
of  tlie  stopper  and  out  throu<,di  its  side.  A  cor¬ 
responding  hole  is  bored  through  the  side  of  the 
neck,  <r,  of  the  U-tube,  so  that  if  the  stopper  be 
turned  so  that  these  two  holes  coincide,  a  passage 
is  provided  from  the  U-tuhe  to  the  exterior;  this 
exit  may  be  clo.sed  at  will  by  slightly  turning  this 
stopper,  To  the  otlier  end,  e,  of  the  U  tube,  c  d 

e,  is  sealed  in  a  bent  tube,  /i  i  j ;  below  the  joint,  e, 
tliis  tube,  h  i  j,  is  made  much  liner,  having  its 
smaller  end,  j,  inch  in  diameter,  and  ground 
oblicjuely  as  shown  in  the  figure.  Below  the  joint, 

f,  but  as  near  to  it  as  possible,  an  outlet  tube,  k  /, 
is  sealed  into  the  U-tube,  c  d  e  This  comjiletes 
the  regulator ;  the  method  of  using  the  instrument, 
and  its  principle,  may  be  conveniently  described 
together. 

By  means  of  a  screw-lamp  carried  on  a  retort- 
stand,  or  any  other  suitable  holder,  fix  the  regulator 
upright,  and  so  that  the  ladb,  a,  shall  be  wholly 
immersed  in  the  water  of  the  bath,  and  the  ends 
of  the  tubes,  h  and  /,  projecting  over  its  side.  The 
regulator  should  be  perfectly  rigid  when  fixed  ; 
the  clamp  is  best  screwed  on  to  the  stem,  l>  b. 
Connect  up  k  by  india-rubber  tubing  with  the  gas 
tap,  and  join  up  /  to  the  bunsen  burner.  Partly 
till  the  U-tube,  c  d  e,  with  carefully  cleaned  mercury 
through  c.  Turn  on  the  gas  and  light  the  l)unsen 
burner,  then  continue  the  tilling  oi  c  d  e  with 
mercury  until  the  level  rises  sulliciently  high  in 
the  limb  d  r,  to  very  nearly  close  the  end  of  jet  j. 
The  (juantity  of  mercury  added  should  be  sufficient 
to  just  b('gin,  so  shut  off  the  supply  of  gas  to  the 
bunsen  ;  it  is  evident  that  then  a  very  slight  rise 
in  level  of  the  mercury  would  either  consitlerably 
dinnnish  or  entirely  shut  off  th(>  gas  from  the 
burner.  Next  heat  a  little  india-rubber  suffi¬ 
ciently  to  li(iiu‘fy  it;  smear  the  stopper,  and  its 
neck  with  this  liiiuid,  taking  care  to  pr(‘serve  a 
clear  pas.sagii  thi-ough  the  hole  in  the  stojiper. 
Next  ])Our  some  of  the  sti’ong(‘st  alcohol  obtain- 
abl(\  through  r,  until  tlu*  l)ulb,  a,  its  stem,  b  b, 
and  the  part  of  r  are  com])l(‘tely  Idled  with  alcohol.  Insert  the  stoiiper, 
g,  so  that  the  hole  through  it  is  oi)en  ;  tlu'  exce.ss  of  sjiirit  escapes. 


no.  21. — AUTOMATIC 
IKMl'KKA'rUKE 
KKOUI.ATOK. 


It 


sometimes  hapjs'iis,  in  tilling  tla*  instrummit  with  sjurits,  that  tla* 
I(‘vel  of  the  mercury  in  the  U-tube  is  disturlx'd,  the  spirits  tloating 
on  its  suiface  at  c,  forcing  up  the  h'vel  in  e  sufficiently  far  tc)  entii'ely 
close  the  jet,/.  Should  tins  happen,  the  mercury  must  again  be  ailjusted 


TECIINMCAL  UESEAUCIIHS  ON  FEHMENTATION. 


23;} 


by  renioviiyif  a  small  drop  by  means  of  a  tine  pipette.  I  lavin^f  mad*'. 
tlie.se  adjustments,  the  instrument  may  be  r('<fulated  for  any  desired 
temjieratur*'.  Place  a  thermometer  in  the  bath,  so  that  the  hei^dit  of 
the  mercury  can  be  easily  read,  and  so  that  its  bulb  does  not  touch  the 
bottom.  Suppose  it  is  wished  to  maintain  the  bath  at  25°  C.,  turn  the 
stopper,  so  that  the  hole  is  open,  and  lif,dit  uji  the  burner.  The  .i^as 
tinds  its  way  throujjh  the  tubes,  h  i j  k  /,  in  the  directions  of  the  arrows. 
As  the  temperature  of  the  water  in  the  bath  incrc^ases,  .so  does  that  of 
the  spirits  in  a.  With  a  rise  in  temperature  the  alcohol  exjiands,  and 
a  small  portion  tinds  its  way  out  through  the  hole  in  the  stopper,  g. 
Watch  the  thermometer  carefully,  and  when  the  temperature  stands  at 
about  one  tenth  of  a  degret'  below'  25°  C.,  turn  the  stopper,  g,  so  as  to 
close  the  hole  through  it.  The  spirits,  in  e.xpanding,  now  tind  no  means 
of  escajie,  and  so  drive  down  the  mercury  in  c  d,  causing  a  corresponding 
rise  'm  d  e  ]  the  consetpience  is  that  the  jet,y,  is  either  wholly  or  partly 
closed,  and  the  gas  either  completely  or  partly  shut  off  from  the  burner. 
The  bunsen  used  should  have  a  cap  of  tine  wore  gauze  fastened  on  to  it, 
.so  as  to  prevent  its  lighting  at  the  bottom  when  the  tlame  is  turned 
very  low.  A  small  jtin-hole  buimer  should  be  tixed  to  the  bunsen,  and 
fed  from  an  independent  supply,  so  as  to  re-light  it  should  the  regulator 
turn  it  completely  out;  this  “pilot”  burner  must  be  turned  down  so  as 
to  only  give,  a  tlame  about  |  inch  high,  and  should  not  be  able  to  appre¬ 
ciably  warm  the  bath.  The  regulator  will  at  tirst  most  likel}'  shut  off 
the  gas  completely  ;  the  bath  will  then  C(Jol  slightly,  and  as  the  alcohol 
in  a  contracts,  the  level  of  the  mercury  in  d  e  will  fall,  and  so  the  jet,  y, 
will  once  more  be  oj)ened,  and  a  passage  of  gas  to  the  burner  p('rmitted. 
With  this  regulator  properly  set.  the  temperature  keeps  between  two 
extremes  that  after  a  .shoi’t  time  clo.sely  approach  each  other  ;  in  fact, 
the  mercury  so  adjusts  itself  as  to  pai'tly  close  the  aperture  j\  allowing 
just  suthcient  gas  to  pass  to  keep  the  bath  at  a  constant  temperature. 
The  end  of  j  is  cut  oblicjuely  in  order  to  prevent  the  mei'ciuy  sticking 
to  it,  and  so  acting  irregularly.  Alcohol  is  us(*d  in  a  instead  of  air, 
because  it  is  not  affected  by  changes  of  atmospheric  })ressure  ;  when  tem- 
pei'atures  above  the  boiling  point  of  alcohol  are  retjuired,  the  instrument 
)uust  be  u.sed  with  air,  or  else  some  liipiid  having  a  sutliciently  high 
boiling  point.  Alcohol  is  preferable  to  water,  because  it  has  a  much 
higher  co  efficient  (jf  expansion,  that  i.s,  for  an  ecpial  rise  in  temperature 
it  expands  much  more.  With  the  instrument  set  as  desci'ibi'd,  it  should 
maintain  the  temj)erature  clo.sely  at  25°  C.  ;  if  it  should  be  found  to  be 
somewhat  higher,  the  instrument  may  be  made  moi'c  delicatii  by  adding 
a  very  little  more  mercuiy,  or  it  may  be  shut  oil'  somewhat  eaidier ; 
thu.s,  if  it  be  found  to  give  a  constant  temperature  0'4°  over  that  at 
which  the  sto|)per,  g,  is  shut  oil',  then  all  that  is  necessaiy  is  to  always 
shut  off  at  0'4°  lielow  any  b'mperature  that  may  be  re(juii'eil.  Should 
the  tempei-ature  be  too  low,  it  may  b**  raisc'd  slightly  by  carefully  turn¬ 
ing  the  sto{)j)er,  g,  momentarily,  until  the  slighti'st  drop  *)f  spirits  oozes 
out  ;  if  the  temperature  is  to*)  high,  the  bath  jnust  be  eooled  down,  and 
again  regulated  on  the  rising  t*un])eratur(‘.  If  the  bath  is  re([idred  to 
be  used  for  several  days  at  the  sam*;  temjx'rature,  all  that  is  re([uisit(*  is 
t(j  turn  oil  the  gas  when  th**  day’s  work  is  don**;  as  the  bath  cools,  the 
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mercury  rises  in  (T  ^  til  rough  contraction  of  tlie  alcohol;  the  bulbs, yyj 
are  jirovided  in  order  to  allow  of  this  rise  without  its  altering  the 
regulator.  \\  hen  the  bath  is  next  required,  sinqily  turn  on  the  gas,  and 
the  regulator,  without  any  attention,  will  maintain  the  temperature  at 
the  point  for  which  it  was  adjusted.  The  advantage  of  this  form  of 
regulator  is  that  it  keeps  perfectly  constant  for  a  very  long  time,  as 
there  are  no  parts  to  shift,  or  places  from  which  leakage  may  occur  ;  tlu‘ 
stopper,  y,  smeared  with  melted  india-rubber,  is  jierfectly  air-tight. 
Grease  will  not  answer  instead  of  india-rubber,  as  it  is  dissolved  by  th(‘ 
alcohol. 

349.  Method  of  Testing.  — To  make  one  or  more  experiments 
proceed  in  the  following  manner:  -Fir.st,  carefully  enter  in  the  note 
book  the  particulars  of  each  experiment,  and  numVier  them  :  place 
corresponding  numbers  on  the  bottle.s.  hegulate  the  water-bath  at  the 
desired  tenqierature,  and  place  in  it  a  flask  containing  suthcient  water 
for  the  experiments  that  are  to  lie  made.  Having  cleaned  the  whole 
a})paratus,  arrange  in  order  the  generating  bottles  required,  and  weigh 
out  and  introduce  into  them  the  yeast  mixture  oi’  other  substance  to  be 
fermented.  Xe.xt  weigh  the  yeast,  taking  care  that  a  good  representa¬ 
tive  sample  is  obtaiiu'd.  With  pressed  yeast  cut  a  thin  slice  off  the 
middle  of  the  slab,  avoiding  dry  and  crumbling  fragments,  brewers’ 
yeast  must  first  be  well  stirred,  and  then  weighed  out  in  a  counterpoised 
dish.  Break  uj)  the  pressed  yeast  caiefully  in  a  small  eva]>orating  fiasin, 
with  some  of  the  water  which  has  been  raised  to  the  right  temperature  ; 
for  this  purpose  an  india-rubber  finger  stall  placed  on  the  tinger  is 
useful.  Pour  the  yeast  and  water  into  the  bottle  ;  rin.se  the  basin  with 
the  remainder  of  the  six  ounces  of  water.  As  rapidly  as  possible  intro¬ 
duce  each  sanq)le  of  yeast,  to  be  ti'sted,  in  its  resjH'ctive  botth*  in  precisely 
the  same  manner.  Having  introduced  the  yeast,  yeast  mixture,  or  other 
substanc(%  and  water,  into  the  resp(‘ctive  bottles,  ge>it/y  shake  each  botth‘ 
so  as  to  thoroughly  mix  the  ingredients  ;  then  tightly  cork  each  bottle, 
and  arrang(‘  the  aj»i)ai'afus  as  shown  in  figui  e  lo,  given  at  tlu'  commence¬ 
ment  of  the  chapter.  Bemoi'c  the  glass  stoppfu’  at  d,  and  suck  mit  the 
air  from  the  ap})aratus  until  tin*  water  rises  in  the  jar,  /j  somewhat  above 
the  zero,  then  again  insert  the  gla.ss  stoppi'r.  Pinch  tin*  india-rubber 
tubing  on  one  sich*  of  so  as  to  make  a  slight  opening,  and  thus  jicrmit 
air  to  enter;  in  this  way  lower  the  wat(‘r  in /until  its  level  exactly 
coincides  with  the  zero.  Perform  this  op('ration  as  rapidly  as  ])ossilile 
with  all  the  ajiparatus  bcdiig  us('d,  and  note  the  exact  time  in  tlu'  not(' 
book.  As  th('  buTiientation  proceeds,  tlu'  suiface  of  the*  water  in  th(‘ 
jars  will  becoim'  lower,  and  in  this  wa\'  a  nusisurc'  of  the  amount  of  gas 
yielded  is  obfained.  At  the  end  of  every  half-hour  or  hour  from  the 
commenemnent,  read  off  the  volume  of  gas,  and  enter  the  sanu'  in  the 
note  book.  When  the  jars  ai-e  nearly  full  of  gas  watch  them  carefully, 
and  as  soon  as  the  100  cubic  inches,  or  .oOO  c.c.,  mark  is  reaclu'd,  with 
draw  the  plug  at  i/,  blow  into  the  jar  for  a  few  .s(‘conds  so  as  to  dis])lace 
carbon  dioxide  thiough  the  bottom,  and  then  suck  out  the  air  until  tlu‘ 
water  again  rises  to  the  top  of  jar,  re  insert  th(>  plug,  and  rapidly  ad  just 
th(‘  sui'facc^  of  the  water  to  the  zero.  ’Phis  ojieration  should  last  only  a 
very  short  time,  and  do(‘s  not  practically  afl'ect  the  results  that  are  being 
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ohtailu'd.  Tlie  readings  may  be  taken  for  from,  say,  two  to  six  hours  ; 
or,  if  wislied,  until  the  action  ceases.  Tlie.se  directions  apply  eipially  to 
the  ordinary  use  of  the  apparatus  for  testing  the  strengtli  of  yeasts. 

350.  Preparation  of  Yeast  Mixture. --It  is  essential  that  tlie 
substances  composing  this  mixture  be  thoroughly  mixed.  The  following 
is  the  best  mode  of  procedure.  Fir.st,  dry  the  substances  at  a  gentl(‘ 
heat  (100°  C.)  In  the  laboratory  this  is  done  by  placing  them  in  a 
hot-water  oven;  then  tlnely  powder  each  in  a  mortar,  and  weigh  out 
the  right  cpiantities.  Then  thoroughly  mix  the  first  four  ingrerlients  ; 
afterwards  add  the  fifth,  and  again  mix ;  then  add  the  sugar  little  by 
little,  mixing  between  each  addition.  In  this  way  an  erpial  composition 
of  the  mixture  throughout  is  assured.  Finzel’s  .sugar  crystals  (coarse* 
cry.stalline  coffee  sugar)  are  almost  chemically  pure ;  failing  this,  the 
best  loaf  sugar  may  be  used. 

The  jiepsiii  necessary  for  the  experiments  may  be  obtained  from  the* 
chemist. 

The  malt  wort  may  be  prepared  by  infusing  coarsely  ground  malt 
with  ten  times  its  weight  of  water  for  two  hours  at  65°  C.  :  it  is  then 
filtered,  diluted  down  with  water  until  at  the  right  demsity. 

In  experiments  with  flour,  the  Hour  and  part  of  the  water  should  first 
be  placed  in  the  generating  hottle,  and  thoroughly  shaken  before  tin* 
addition  of  yeast. 

The  starch  is  gelatinised  by  allowing  it  to  stand  in  a  small  beak(*r, 
with  some  water,  for  about  Hve  minutes  in  the  hot  water-bath,  Stirling 
thoroughly  meanwhile. 

The  experiments  on  flour  infusion,  in  which  the  sugar  is  determined 
before  and  after  the  fermentation,  are  very  important,  but  had  better  be 
postponed  until  the  student  has  proceeded  with  his  studies  of  analysis. 

In  the  temperature  experiments  the  tests  ar  the  same  temperaturi* 
should  be  made  on  the  same  day,  and  the  complete  series  with  as  litth* 
interval  as  possible  between. 

In  addition  to  the  experiments  described  in  this  chapter,  many  others 
will  suggest  themselves  to  the  practical  baker  :  these  he  may  ari’ange  for 
himself,  and  use  the  yeast  apparatus  as  a  means  of  measuring  the  evolu¬ 
tion  of  gas,  under  any  conditions  that  may  be  of  interest  to  him.  The 
student  will  do  well,  in  addition,  to  perform  the  following  series  of  tests. 

351.  Keeping  Properties  of  Different  Yeasts.— Procun* 
samples  as  fresh  as  possible  of  different  jiressed,  lirewers’,  and  patent 
yeasts.  Test  immediately  aftc'r  procuring  them  ;  then  store  in  a  cool 
cellar,  and  test  each  sample  on  successive  days  until  they  are  capabh'  of 
setting  up  little  or  no  fermentation.  To  ensure  ])erfect  accuracy  it  is 
well  to  keep  each  samjile  of  yeast  in  a  weighed  vessel ;  any  loss  by 
eva])oration  may  then  in  the  case  of  the  licjuid  yeasts  be  made  up  each 
flay  by  the  addition  of  distilled  wjiter.  The  pressed  yeast  may  be  kept 
in  a  stoppered  bottle,  or,  preferably,  the  jiortion  for  each  estinudion 
shoulfl  1)(!  tfiken  from  tin*  interior  of  the  mass  ;  as  a  check,  moisture 
should  then  Ije  estimated  in  the  yeast  each  day. 

352.  Use  of  Testing  Apparatus  without  Temperature 
Regulator. — In  the  foregoing  df'seriptions  given  it  has  been  directf'd 
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that  tlu>  yeast  bottle  stand  in  a  water-hatli  regulated  by  an  automatic 
t(unpei-ature  regulator.  While  such  an  arrangement  is  extremely  use¬ 
ful,  it  is  not  ab.solutely  neces.sary.  For  actual  bakehouse  use  the  follow¬ 
ing  plan  answers  well.  Select  a  place  somewhere  near  the  oven  where 
the  temperature  is  pretty  constant,  and,  if  possible,  between  70°  and 
S0°  F.  Arrange  on  a  shelf,  clamped  to  the  wall,  a  saucepan  sufficiently 
large  to  take  the  yeast  bottles,  and  tix  the  trough  for  the  graduated  jar 
in  position.  The  saucepan  will  have  to  be  raised  sufficiently  high  by 
means  of  blocking  ;  this  should  be  properly  done  at  the  outset,  as  the 
ap])aratus  should  remain  there  permanently.  When  about  to  use  the 
ap})aratus,  first  of  all  till  the  saucej)an  with  water  at  the  desired  tem¬ 
perature  F.,  and  then  make  the  estimation.  A  warm  place  being 
chosen,  the  water  in  the  saucej)an  will  not  fall  very  much  in  tempera- 
tui'e  during  the  time  necessaiy  for  carrying  out  the  exjieriment.  This 
method  of  using  the  ai)paratus  applies  more  particularly  to  yeast  testing 
than  to  the  more  delicate  experiments  described  in  the  preceding  pages. 
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CHAPTER  XII. 

MANUFACTURE  AND  STRENCTII  OF  YEASTS. 

353.  For  baking  purpo.ses  tlii'ee  conuiiprcial  v  arieties  of  yeast  are 
employed,  namely,  Brewers’,  Distillers’  Compressed,  and  “Patent” 
yeasts.  These  latter  may  again  be  .subdivided  into  malt  and  lio[)  yeasts 
as  used  in  England,  and  tlie  Scotch  flour  barms.  Descriptions  follow  of 
how  these  yeasts  are  manufactured. 

brewers’  yeast. 

354.  In  the  chapter  on  Fermentation  an  account  is  given  of  the 
appearance  of  an  actively  fermenting  tun  of  brewers’  wort.  The  brewer 
first  treats  his  malt  with  water  at  a  temperature  of  about  G5°  C.  for 
about  two  hours,  more  or  less  ;  during  that  time  the  starch  of  the  malt 
is  converted  into  dextrin  and  maltose.  The  liquor  is  then  allowed  to 
drain  from  the  grains,  or  husks  of  malt,  and  is  transferred  to  a  copper 
in  which  it  is  boiled  with  hops  :  the  hops  are  removed  and  the  wort 
rapidly  cooled,  either  by  being  t'xposed  to  the  air  in  shallow  open  coolers, 
or  poured  over  a  specially  arranged  apparatus,  consisting  of  a  series  of 
pipes  through  which  cold  water  is  pas.sing,  and  which  is  termed  a  refriger¬ 
ator.  This  cooling  must  be  done  as  I’ajiidly  as  possible,  as  a  tempera¬ 
ture  of  about  30“  C.  is  particularly  suited  to  the  rapid  growth  and 
development  of  disease  ferments.  On  the  wort  being  cooled  to  18  or 
19°  C.  (65°  F.),  about  one  one-hundred  and  fiftieth  part  of  its  weight 
of  yeast  from  a  previous  brewing  is  added.  Fermentation  sets  in,  and 
after  a  time  yeast  rises  to  the  .surface,  and  is  skimmed  off.  The  first  is 
rejected  because  any  lactic  ferments  or  other  bacteria  that  may  be 
present  are,  from  their  small  size,  floated  up  to  the  surface  with  the  yeast 
on  its  tiist  ascent.  At  the  time  when  the  fermentation  is  most  active 
and  vig(jrous,  the  best  yeast  is  being  produced.  As  fermentation 
slackens,  cells  are  thrown  to  the  surface  which  have  been  grown  in  a 
comparatively  exhausted  medium.  Such  yeast  is  weak,  and  possesses 
less  vitality.  For  tlu'ir  own  pitching  purpose's,  the  brewers  reserve  tlu' 
middle  yeast.  Tejo  fn'ejucntly  that  sold  to  bakers  is  the  refuse  yeast 
from  either  the  beginning  oi-  ('uding  of  fermentation.  1  fakers  who  u.se* 
brewers’ yeast  should  insist  on  being  supplied  with  thateeiual  in  (piality 
to  what  th(!  breAver  himself  uses  for  stai'ting  fernumtation.  ibi  may 
fairly  1)0  asked  to  pay  somewhat  more  for  this;  but  to  the  bakei-,  of 
\'east  above  all  things,  the  best  is  tlu'  eh('ai)est  :  one  spoiled  batch  of 
bread  will  cost  the  difference  between  good  and  bad  yeast  over  probably 
many  weeks  or  months,  to  say  nothing  of  the  injury  done  to  the  baker’s 
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reputation  witli  his  custoinei's.  Tlie  yeast,  wlien  skiiiniied,  slioulcl  lie 
.stored  in  shallow  vats,  so  as  to  admit  of  free  access  of  atmospheric 
oxygen. 

iJrewers’  yeast  is  much  used  in  the  production  of  wliat  is  called 
‘‘  farmhouse  ’  bread  :  it  is  supposed  to  produce  a  sweeter  llavoured  loaf 
than  do  otlier  varieties.  On  the  other  hand,  brewers’ j'easts  darken  the 
colour  of  bread.  Flavour  is  essentiall}'  a  question  of  individual  taste 
rather  that  science,  comsetpiently  the  o])inion  of  the  chemist,  like  that 
of  every  one  else,  simply  depends  on  the  delicacy  and  experience  of  his 
palate.  \'^(mturing  an  indivddual  opinion,  the  author  has  tasted  some 
exceedingly  well  llavoured  bread  made  from  brewers’  yeast,  assisted  l)y 
compressed  yeast ;  but  on  the  other  hand,  the  bread  which  of  all  others 
he  prefers  has  been  made  with  yeasts  of  other  kinds.  With  however  good 
a  yeast,  high-class  breads  cannot  he  produced  from  low  grade  Hours.  For 
bakers’  puiqioses,  brewers’  yeast  is  weak,  and  if  used  alone  must  he  em¬ 
ployed  in  considerable  (piantity.  It  is  apt  when  freely  used  to  impart  a 
bitter  taste  to  the  bread  :  this  may  be.  in  part  obviated  by  washing  the 
veast,  but  even  then  it  is  exceedingly  diliicult  to  remove  tlie  hitter  taste. 
The  author  has  been  informed  that  London  brewers’  yeast  merchants 
collect  the.  yeast  from  various  breweries,  and  wash  it  by  stirring  it  up 
with  a  dilute  malt  wort ;  it  is  then  allowed  to  settle,  and  the  supernatant 
licpiid  poured  oil.  To  a  certain  extent  this  removes  the  bitterness.  From 
samples  of  brew'ers’  yeast,  as  sujqdied  by  London  yeast  merchants  to 
bakers,  that  the  author  has  examined,  he  cannot  speak  very  highly  of 
this  class  of  yeast.  Compared  with  yeasts  oljtained  direct  from  good 
Ijreweries,  the  yeast  merchant’s  yeast  has  been  much  weaker  and  more 
impure.  Particularly  in  summer  time  brewers’  yeast  is  found  to  be 
very  unreliable  and  uncertain  in  its  action.s.  Even  those  bakers  who 
prefer  brewers’  yeast,  when  they  can  procure  it  good,  Hnd  themselves 
conii)elled  to  resort  to  compressed  yeast  during  the  hot  summer  months. 

In  selecting  a  brewers’  yeast  for  bakers’  j)uiq)oses,  .scrupulously  avoiil 
those  lireweries  where  large  ([uantities  of  sugar  or  other  malt  substitutes 
are  used  insbaid  of  malt  itself.  Such  brewing  mixtures  contain  a 
deticiency  of  a^jpcoiiriate  nitrogenous  matters,  and,  although  the  resultant 
beer  is  sounder,  and  better  meets  the  ju'esent  reijuirements  of  the  i)ublic, 
the  yeast  })roduced  is,  from  the  bakers’  standjioinl,  weak  and  impoverished 
through  ill  nouri.shimmt. 

In  SOUK'  breweries  the  b(H*r  is  allowed  to  linish  its  fermentation  in 
large  casks,  arranged  so  that  the  bung-hole  is  veiy  slightly  on  one  side  ; 
the  yt'ast  slowly  works  out  of  the  bung-hole  and  Hows  in  a  shallow 
stream  down  the  outside  of  the  cask  until  it  reaches  the  bottom,  when 
it  drops  in  a  gutUn-  arranged  to  receive  it.  A  number  of  these  casks  are 
usually  arranged  side  by  side*,  and  connected  together  by  a  iiii)e  at  the 
bottom;  they  are  conseipiently  technically  teniK'd  “unions.”  The  one 
gutter  1-eceivi‘s  the  yeast  fi'om  the  .series  of  uinonsand  conveys  it  to  the 
proper  receptacle.  The  yeast  from  thest'  unions  is  found  to  make  fai- 
better  liread  than  that  skimmed  from  large  fermenting  tuns.  The 
reason  is  that  the  yc'ast  gets  thoroughly  aanted  during  its  How  down  the 
side  of  the  cask.  For  baking  purposes,  the  thorough  aa-atiim  of  yeast 
is  essential. 
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355.  Microscopic  Examination  of  Yeast.  -  This  opciiition 
reijuires  a  fair  amount  of  experience  before  a  trustworthy  judgment  can 
he  formed.  In  microscopically  examining  yeast,  there  are  two  distinct 
points  to  be  observed  :  lirst,  the  presence  or  absence  of  disease  fer¬ 
ments,  bacteria,  it-c.  ;  second,  the  appearance  of  the  yeast  cells  them- 
.selves  For  satisfactory  work,  a  })Ower  of  sLx  or  eight  hundred  diameters 
is  necessary  :  the  objective  must  be  a  good  one,  giving  not  only  magni- 
tication,  but  also  clear  and  accurate  tletinition.  The  author  uses  a 
microscope  in  which  several  objectives  are  fastened  to  one  “  nose-j)ioce,” 
so  that  the  powers  may  be  changed  instantaneously,  without  the  trouble 
of  unscrewing  the  one  objective  and  then  replacing  it  by  another. 
Working  with  this  instrument,  it  is  his  practice  to  tirst  examine  the 
3'east  with  a  magnitication  of  about  440  diameters,  and  then,  having 
seen  the  aspect  of  a  fairly  large  held,  he  observes  more  closel}'  a  few 
typical  cells  with  a  magnihying  power  of  about  1000  diameters.  It  is 
doubtful  whether  any  except  microscopists  of  long  experience  can  work 
witli  much  higher  powers  to  advantage. 

First,  with  regard  to  the  presence  or  absence  of  foi-eign  ferments.  The 
fewer  of  these  the  better  the  yeast.  A  yeast  for  bakers’  purposes  needs 
to  be  judged  by  a  somewhat  different  standard  to  that  adopted  by  the 
brewer.  To  the  latter,  the  presence  of  lactic  or  butyric  ferments  or 
other  disease  organisms  means  that,  during  the  period  the  beer  is  stored 
before  it  is  all  consumed,  there  is  ample  time  for  changes  to  go  on  which 
will  result  in  either  a  marked  deterioration  or  spoiling  of  the  beer. 
But  if  this  change  does  not  make  itself  perceptible  until,  say  two  or 
three  weeks  have  elapsed,  it  follows,  as  bread  is  fermented,  baked 
and  eaten  within  about  three  da^’s,  that  under  ordinary  circumstances 
.such  changes  cannot  take  place  in  bread.  This  explanation  is  neces.saiy, 
Viecause  it  is  well  known  as  a  matter  of  fact  that  many  bakers  do 
succeed  in  producing  very  good  In'cad,  who  use  a  yeast  in  which  there  is 
frequently  an  abundance  of  foreign  organisms.  It  will  in  such  cases, 
however,  be  found  that  they'  take  special  ju-ecautions  which  serve  to 
prevent  an  injurious  action  of  these  during  fermentation.  Summing  uj), 
yeasts  may  be  used  by  bakers  which  could  not  possibly  be  employed  ])y 
the  brewer,  because  the  fermenting  process  of  the  former  is  so  much 
shorter  ;  nevertheless  an  exce.ss  of  disease  ferments  may'  set  iq)  injurious 
action  even  during  the  time  of  jjanary'  fermentation  unless  special  pre¬ 
cautions  are  taken.  It  is  conseciuently  safely  laid  down  that  the  fewer 
of  these  foreign  organisms  the  better.  The  presence  or  abs(*nce  of  dis¬ 
ease  fei'inents  affoz'ds  a  valuable  indication  as  to  the  previous  history  of 
the  yeast,  apart  from  their  own  sjzecilic  action  on  the  dough.  A  yeast 
largely  contaminated  with  foreign  organisms  has  been  badly  made : 
unsound  malt  will  very  likely  have  been  u.sed  for  its  manufacture,  and 
the  whole  process  (zf  fermentation  conducted  in  dirty  vessfds.  As  in  a 
hrewer’s  yeast  the  presence  of  disease  ferments  tells  us  this  of  its 
previous  histoiy,  the  yeast  should  b(5  condemned,  because,  when  care- 
le.ssly  produced  under  such  unfavourable  conditions,  tlie  yeast  itself  is 
likely  to  be  unsound,  or  at  least  very  uncertain  in  its  quality. 

Secondly,  with  inference  to  the  yeast  cells  themselves,  the  actual 
shape  of  the  cells  will  vary  with  its  origin.  Ordinary  Fnglish  hrewers’ 
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3’east  consists  of  roinul  colls,  but  Burton  yoast  is  oval  ;  so  also  is  that 
in  other  districts  whore  v('ry  hard  water  is  used.  With  any  yeast  the 
cells  should  he  about  equal  in  size  ;  not  irreifular,  with  some  very  large 
and  others  small.  The  cells  should  be  isolated,  or  at  most  only  attached 
in  pairs  :  where  they  occur  in  large  colonie.s,  the  yeast  is  too  young,  and 
has  not  had  time  to  thoroughly  mature.  The  cells  should  appf'ar  plump 
and  not  shrunken.  The  cell  walls  should  be  of  moderate  thickness:  if 
very  thin  the  yeast  is  too  young,  and  has  not  attained  maturity;  on 
the  other  hand,  very  thick  integuments  denote  an  old,  worked  out  yeast. 
Thin  cell  walls  may  also  be  due  not  only  to  very  young  yeast,  Imt  also 
to  the  yeast  being  over  kept  long  enough  for  the  breaking  down  of  the 
walls  to  have  commenced  :  under  these  circumstances  the  jirotoplasm 
of  the  interior  of  the  cells  is  seen  to  be  broken  down  and  fre<juently 
exhibits  a  “Brownian”  movement.  If  in  this  condition,  the  yeast  is 
far  gone,  and  will  be  found  weak  and  exhausted  for  bread-making.  As 
in  this  operation  yeast  does  not  l)ud  or  reproduce,  but  does  its  work  in 
virtue  of  the  energy  and  vitality  (.)f  the  original  cells  introduced,  it  is 
in  the  highest  degree  inq)ortant  that  these  cells  should  be  strong,  healthy, 
and,  as  far  as  is  possiljle,  in  full  maturity;  when  in  this  condition,  the 
contents  of  the  cells  should  show  slight  granulations.  Each  cell  should 
have  one,  or  at  most  two,  vacuoles ;  but  when  jdaced  in  a  drop  of  clear 
beer  wort  on  the  slide,  the  tluid  should  rajudly  penetrate  the  cell  walls, 
causing  the  contents  to  become  lighter,  and  the  vacuoles  to  disapjiear. 
These  changes  occur  but  slowly  in  old  cells  that  have  been  worked  for 
a  long  time. 

In  order  to  facilitate  comparison,  yeast,  various  disease  ferments, 
starch,  and  other  impurities  associattal  with  yeast,  are  shown  together 
in  tigui'e  22. 

For  the  e.xamination  of  yeast  under  the  microscope,  dilute  it  down 
with  water  until  so  weak  as  to  simpl}'  give;  a  milky  appearance  to  the 
water,  jait  a  minute  drop  on  a  slide,  and  then  gently  place  on  a  cover. 
Note  the  size,  shape,  and  internal  appearance  of  the  yeast  cells,  also 
search  the  held  carefull}'  for  fonugn  ferments. 

In  Plate  II.,  Chajiter  IX.,  illustrations  have  already  been  given  of 
different  varieties  of  yeast  enqiloyed  by  the  baker.  The  drawings  of 
brewers’  yeast  for  this  plate  were  made  in  the  summer,  and  represent 
samples  of  brewers’  yeast  during  practically  the  hottest  weather  of  the 
year.  Th(‘  specimmis  marked  a  and  b  were  taken  from  two  London 
samples  of  yeast,  as  sold  to  London  bakers  by  yeast  merchants.  A 
considerable  numb(‘r  of  disease  ferments  are  present  in  both,  marking 
them  as  b(‘ing  in  an  unhealthy  condition.  It  is  to  be  feared  that  often 
sutlicient  cai’i^  is  not  taken  for  the  storage  and  preservation  of  yeast, 
es])ecialty  during  the  hot  weather,  by  those  who  collect  brt'wers’  yeast 
for  n'distribution  among  bakers.  On  ('xaiuining  these  two  samples,  the 
writer  ])rocured,  for  purpose's  of  comparison,  some  yeast  from  one  of  the 
iK'ighbou ring  Ih’ighton  brew(‘ri('s  :  this  is  tigure'd  in  section  c.  It  cias 
found  to  1)('  far  away  lairer  than  either  of  the  London  sample's;  one  or 
twe)  biukria  firei  shown  in  tlm  ske'tch,  but  there  were  seve'ral  micreesceipic 
tie'lels  that  cemtaiiu'el  no  fore'ign  fe'rme'iits  wluite'ver.  In  general  aspect, 
the  cells  eif  section  c  were  lirmer  in  emtliiu',  the  walls  being  thicker 
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wliile  tlie  interior  nnitter  sliowed  more  distinct  and  darker  i,o-anuIatiuns. 
It  should  be  added  that  in  these  drawings  the  estimated  magnificat  ion 
is  Old}-  api)roximate.  In  every  case  where  it  is  wished  to  ascertain 
exact  dimensions,  the  eye-piece  micrometer  should  be  called  into 
re(juisition. 


FIG.  22. — YEAST  AM)  ITS  IMI’CRTITES  (after  Belohouhek). 

n,  a,  Large  grains  of  wheat  starch  ;  nr',  broken  grain  of  wheat  starch  ;  a",  wheat  starch  ;  h,  h, 
giains  of  wlieat,  rye.  or  barley  starch  partly  transfortnetl  by  tlie  action  of  diastase  ;  c,  c,  small 
grains  of  starch  of  tlie  above  mentioned  grains  ;  il,  d.  yeast  cell  (SaccJiaroiinioes  (vreuinicv),  witli 
one  vacuole  ;  e,  c,  yeast  cells  of  the  same  species,  witli  a  greater  number  of  vacuoles  ;  f,  f,  yeast 
cells,  same  species,  with  small  buds  ;  '/,  g,  same  with  larger  Imds  (young  cells) ;  A,  A,  yeast  cells, 
with  abnormal  vacuoles  ;  (',  i,  dead  yeast  cells,  same  s])ecies  ;  k,  k,  yeast  cells,  same  sjiecies,  in  the 
vapioles  of  which  are  swimming  small  particles  of  protoplasm  ;  f,  I,  yeast  cells  (Sacfhnroiin/ces 
ezigxius) ;  »i,  m,  cells  of  Mycudei-ina  ai-.eti ;  n,  ii,  lactic  ferments;  o,  n,  harteria  of  the  vibrio 
class  ;  p,  p,  liacteriunt  teniio  ;  (j,  g,  acetic  acid  ferment  ;  /■,  /•,  various  f^phve ru-hacte ria  ;  r,  s,  gluten 
cells  of  maize  ;  t,  hair  of  wheat.  Magnilied  380  diameters. 

.MANUFACTUliK  OF  COMl'KESSED  YEASTS. 

356.  The.so  yeasts  art'  now  so  widely  and  successfully  used  that  some 
account  of  their  origin  and  mode  of  manufacture  claims  a  place  in  thi.s 
work.  The  autlior  frequently  receives  letters  from  liakers  asking  him 
to  furnish  recipes  for  the  production  of  a  good  compressed  yt'ast ;  from 
these  it  is  evident  that  many  bakers  know  veiy  little  as  to  the  actual 
manner  in  which  compressed  yeasts  art*  prt'pared  for  the  market.  These 
yeasts  find  their  way  into  this  country  from  France,  Holland,  and  Ger- 
many.  They  are.  not,  as  has  been  stated,  low  or  ))ottom  yeasts  of  lager 
beer  fermentation,  but  are  distillers’  yeasts,  and  are  formi'd  as  the 
principal  product  in  the  manufacture  of  sjiirits  from  malt  and  raw 
grain  ;  the  spirits  being  used  to  an  enormous  extent  in  the  manufacture 
of  liqueurs,  jierfumes,  wine,  and  brandy.  This  manufactun'  can  only 
be  successfully  conducted  on  a  very  large  scah',  and  cannot  be  imitated 
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by  tlu!  bilker  wlio  siiiijily  wishes  to  make  yeast  for  Iiis  own  consump¬ 
tion. 

Being  desirous  of  giving  as  accurate  an  account  as  possible  in  tliis 
work  of  tlie  manufacture  of  com])ressed  yeast  for  l)akers’  purposes,  the 
autlior  explained  his  wislies  to  Mr.  Bischof,  London,  the  importer  of 
Encore  Yeast,  to  wliom  lie  was  indebted  for  the  substance  of  the  account 
of  yeast  manufacture  given  in  a  preceding  work  on  the  Chemistry  oj 
Wheat,  Flour,  and  Bread.  INIr.  Bischof  entered  into  communication 
with  Messrs.  Lesatl're  et  Bonduelle  of  Lille,  who  are  the  manufacturers 
of  tlie  Encore  Y^east.  They,  with  great  courtesy,  which  the  writer  here 
desires  to  acknowledge  with  his  best  thanks,  gave  him  (the  writer)  an 
invitation  to  visit  Lille,  and  spend  as  much  time  as  he  desired  at  their 
various  yeast  factories,  thus  investigating  for  himself  the  whole  process, 
and  seeing  it  at  leisure  and  in  every  stage.  It  may  be  mentioned  that 
Messrs.  Le.satfre  et  Jlonduelle  have  three  large  yeast  factories  and  dis¬ 
tilleries  in  Lille.  They  are  among  the  few  largest  manufacturers  of 
yeast  in  the  world,  and  have  a  weekl}*^  output  of  yeast  which  probably 
equals  that  of  any  other  European  firm,  averaging  about  70  tons. 

In  the  following  description,  resulting  from  notes  made  on  the  spot, 
the  plan  adopted  is  to  take  the  raw  grain  at  its  entrance  to  the  factory 
and  follow  it  through  its  consecutive  stages  until  it  emerges  finally  in 
the  highly  transformed  condition  of  yeast.  The  Lille  factories  being  of 
about  the  same  capacity,  a  description  of  the  one  will  serve  for  all. 
Being  situated  by  the  canal  side,  the  grain  reijuired  is  brought  by  barge 
and  directly  discharged  by  steam  elevators  into  the  granaries  at  top  of 
the  building.  For  spirit  and  yeast  making  purposes  it  is  necessary  to 
have  as  the  sustaining  product  of  fermentation,  carbohydrates,  and  also 
abundance  of  healthy  nitrogenous  nutriment.  If  yeast  l)e  the  object  of 
manufacture,  brewing  sugars  are  inadmissible,  because  by  reducing  the 
proportion  of  proteid  matter  they  would  cause  the  production  of  an 
unhealthy  and  weak  yeast.  Among  the  grains  found  in  the  granaries 
are  barley,  rye,  and  maize.  Rice  is  very  rarely  employed,  because 
of  its  comparatively  non-nitrogenous  character.  Naturally,  one  of 
the  legitimate  considerations  of  the  distillei-  is  to  obtain  his  reipiisite 
carbohydrate  and  proteid  as  cheajily  as  jmssible,  and  hence  the  particu¬ 
lar  grain  chosen  is  somewhat  governed  Ijy  the  market  price  at  time  of 
j)urchase.  Prior  to  its  further  employment,  the  barley  is  malted,  which 
process  has  aln'ady  been  described  :  this  oi)eration  IMessrs.  Le.satfre  et 
Jlonduelle  conduct  for  themselves,  having  malting  doors  of  large  extent. 
A  j)art  of  the  malting  j)lant  is  laid  out  on  the  ordinary  system,  and  a 
])ortion  is  arranged  as  “  pneumatic  ”  maltings.  As  })reviously  ex])lain<‘d, 
the  opiu'ation  of  malting  destroys  the  parenchymatous  cell-walls,  and 
thus  renders  the  interior  of  the  barley  more  ri'adily  amenable  to  dias- 
tasic  action.  At  the  same  time  diastase  itsidf  is  devtdoped,  and  the 
whole  of  the  nitrogmuuis  matter  is  rendered  moie  soluble  and  in  part 
])eptoid.s('d,  thus  being  conviuled  into  a  form  of  proteid  specially  ada})ted 
for  assimilation  by  yeast.  The  grain,  having  been  thus  ))repar('d,  pa.sses 
to  the-  mill.s,  where  a  part  is  reduced  by  steel  rolls,  and  the  rest  l)3'mill- 
ston(!.s,  into  a  moderately  line  meal. 

The  lirst  sti'j)  in  the  fermentation  process  is  the  preparation  of  what, 
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in  the  liakei's'  pliraseology,  may  he  termed  a  “ferment”  (“  huh))  ”),  tliat 
is,  a  preliminary  fermentation  of  a  relatively  small  proportion  of  tlie 
grain.  Malt  and  rye  are  taken  together  for  tliis  })urpose,  and  mashed 
at  a  convenient  temperature,  so  as  to  obtain  as  conn)lete  a  transforma, - 
tion  as  possible  of  the  starch  into  maltose.  The  mash  thus  produced  is 
allowed  to  stand  in  the  tubs  at  a  temp(‘rature  most  suitable  for  the  i)ro- 
<luction  of  lactic  acid,  that  is,  about  3.0°  C.  The  lactic  acid  germs  on 
the  skin  of  the  imdt  ra{)idly  develop,  and  a  marked  acidulation  ensues. 
This  is  a  most  interesting  step  in  tlie  fermentation,  and  while  the  im¬ 
mediate  result  is  the  production  of  lactic  acid,  yet  its  ultimate  effect  is 
the  prevention  of  development  of  the  lactic  acid  ferment.  This  organism 
is  peculiarly  sensitive  to  the  effect  of  its  own  product,  and  as  little  as 
OT-o  per  cent,  of  lactic  acid  added  to  a  mash  is  .sufficient  to  prevent 
lactic  fermentation  taking  place,  although,  on  the  contrary,  if  lactic 
fermentation  be  once  started,  it  will  proceed  until  something  like  I’.u 
])er  cent,  of  lactic  acid  has  been  formed.  The  reason  of  this  inhibi¬ 
tor}'  effect  is  that  the  addition  of  lactic  acid  is  a  deterrent  not  only  to 
lactic  fermentation,  but  also  to  the  multiplication  of  lactic  acid  bacteria, 
so  that,  by  its  addition  in  the  earlier  stage,  any  reproduction  of  these 
organisms,  and  consequently  any  but  the  smallest  possible  produc¬ 
tion  of  lactic  acid,  is  prevented.  This  first  development  of  lactic  acid, 
then,  in  what  may  be  for  convenience  called  the  “  ferment,”  serves  to 
check  undue  development  of  acidity  in  the  main  fermentation.  It  also 
further  serves  the  useful  ])urpose  of  peptonising  and  othei'wise  breaking 
down  the  nitrogenous  mattei's  of  the  grains  in  the  mash,  so  as  to  render 
them  available  as  yeast  foods. 

Sufficient  acidulation  being  produced,  the  mash  is  then  cooled  by 
the  immersion  therein  of  cooling  coils  of  copper  tube,  through  which 
cold  water  is  being  j)assed.  When  at  the  desired  temperatui'e,  without 
lilteri)ig  of  the  “  grains”  (husky  fibre  of  the  grain  used),  the  “pitching” 
yeast  is  added,  and  fermentation  allowed  to  ])roceed  for  10- -14  hour.s, 
according  to  the  temperature.  This  is  regulated  by  the  foreman  in 
charge,  according  to  time  when  the  “ferment”  will  be  wanted,  and 
the  general  requirements  of  the  factoiy. 

Next,  the  preparation  of  the  other  materials  reijuired  in  the  mash 
tun  may  be  comsidered.  The  raw  grain,  consisting  principally  of  maize, 
is  tii'st  cooked  by  high  pi'ossure  st(!am  in  a  s})ecial  steam  cooking  vessel 
(cuiseui')  until  thorough  gelatinisation  has  been  produced.  From  this 
vessel  the  cookial  maize  is  passed  into  the  saccharification  tun,  and 
there  mashed,  first  with  the  lye  ;  after  which  the  malt  is  added  and 
saccharification  continued,  until  the  hydrolysis  of  the  carbohydi'ates  to 
maltose  is  as  comi)lete  :),s  j)ossible.  M'hile  the  brewer’  litrds  it  ad\’an- 
tageous  to  retain  (h'xtrin  arrd  some  arnoiurt  of  niiiltodextrins  in  his 
wor’t,  the  distiller  has  pr’actically  no  use  for  arrythirrg  e.xcept  the 
maltose,  and  so  pushes  the  diastasis  to  its  utmost  limit,  'riie  tirdshed 
Wor’t  is  rrext  passed  to  the  r’efrigerators,  of  which  there  ai’e  several  of 
•  liffer’cnt  patterrrs.  Thus  ther’c  is  tin'  a,rrangement  of  a  lar’ge  shallow 
copper’  ves.sel,  with  an  outru’  jackc't,  throirgh  which  cold  water  passes, 
and  having  a  nurtrber  of  fan-like  ar’Uis  r’cvolving  abo\’e  the  sur’facr)  of 
the  lirpud,  which  r’apidly  cause  it  to  bccoiiK'  cool.  Another  foi’rrr  of 
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refri, Iterator  is  tliat  of  Launoico,  in  \v4iicli  a  cupper  pipe  is  l)ent  again 
and  again  on  itself  so  as  to  form  a  vertical  rack,  with  connected  hori¬ 
zontal  pipes  in  a  series  one  over  the  (jther.  Cold  water  passes  through 
the  pip(*,  and  the  wort  is  allowed  to  trickle  over  the  outer  surface,  thus 
being  rapidly  cooled  and  at  the  siine  time  au-ated.  The  wort  thus 
being  cooled  as  rapidly  as  possible,  is  conveyed  to  the  feu-mentation 
vats  and  the  pitching  “ferments”  added.  Airis  driven  thnmgh  the 
wort  by  mechanical  means  in  oi-der  to  thoroughly  au-ate  it,  and  this 
operation  is  rejeeated  from  time  to  time  as  fermentation  proceu-ds,  as 
found  necessary.  The  grains  contained  in  the  mash  lise  to  the  surface 
and  there  act  as  a  non-conductor  of  heat.  In  from  three  to  bmr  hours 
after  pitching,  the  carbon  dio.vide  foi  ces  itself  up  in  a  sort  of  cauliflower 
head  through  the  grains  and  “  breaks.”  Fermentation  is  allowed  tir 
continue  for  from  ten  to  twelve  hours  from  the  commencement,  and 
then  workmen  start  skimming  off  the  yeast.  To  do  this  they  use  a 
long  lath  and  “  bay  ”  up  the  whole  of  the  yeast  at  one  end  of  the  vat, 
and  then  ladle  it  off’  in  scoo})s,  pouring  it  into  a  wooden  gutter,  by 
which  it  is  conveyed  away  for  washing  and  ]iuritication.  This  skimming 
is  carried  on  practically  continuously  for  about  twelve  hours  ;  the  fer¬ 
mentation  is  then  complete,  the  ma.Nimum  amount  of  yeast  and  alcohol 
having  been  formed.  Tlu'  worts  are  carried  away  to  the  distillery  de¬ 
partment,  and  there  are  distilled,  the  rectified  sjiirit  passing  ovei-,  and 
being  stored  in  bond  until  sold. 

The  skimmed  yeast  is  first  mi.xed  with  wetei-,  and  is  then  passed 
through  a  series  of  mechanical  sit'ves,  by  which  the  grains  are  removed. 
The  yeast  is  then  w-ashed  by  decantation  two  or  tln-ee  times,  and  again 
sift(‘d  through  finer  sieves.  This  washing  pi-ocess  re(iuii-t‘s  discrimina¬ 
tion,  as  it  is  desirable  to  wash  thoroughly,  in  order  to  remove  wort  ; 
while,  on  the  other  hand,  washing  in  e.xcess  weakens  the  yeast  by  re¬ 
moving  the  interior  contents  of  tin-  cells.  At  the  tinal  decantation, 
when  the  yeast  has  s(“ttled  completely,  there,  is  a  layei-  on  the  top  of 
immature  and  young  cells  ;  these,  being  practically  valueless,  are  re¬ 
moved  and  rejected  from  the  main  body  of  the  yeast. 

In  mixed  yc-asts  it  is  at  this  stage-  that  einv  stiirch  is  adde-d,  the 
starch  being  wen-ke-d  up  intej  a  cre-euny  nuiss  with  watei-,  iind  then 
mi.xed  with  the  yexist.  The  two  toge-thei-  then  pass  along  to  the  tiltei- 
presses.  Encore  Yeast  is,  however,  one  of  those  brands  which 
is  sent  to  this  country  in  the  form  of  absolutely  pure  yeast 
cells,  iind  so  no  stai-ch  mixing  occurs. 

The  carefully  weished  ami  luiritied  yeast  is  ne-.xt  tedvcn  to  the-  filte-i- 
pres.ses,  whe-re  the-  mixture  of  ye-ast  cells  anel  wiite-i-  is  pumpeel  threeugh 
ii  .se-ries  eef  lilte-ring  cloths  ;  these  i-e-fain  the  ye-ast  iind  the-  wate-r  elniins 
away.  As  much  wate-r  as  peessible-  is  thus  e-limiiiiite-el  from  the  ye-ast, 
which,  eeii  the  pre-ss  he-ing  elismant le-el,  is  re-move-el  freim  the  surface-  of 
the  cleiths  iuiel  conveye-el  to  the  piicking  roemi  ;  he-re-  it  is  pre-sse-el  elown 
into  tubs  in  eerde-r  fee  pie-vent  elisceeleeuration  by  iiir,  iiml  as  soon  as 
pnicticiible  is  niiule-  up  intee  cemve-nie-nt  ])iu-kage-.s  feu-  elistribution  to  the 
consume-r.  The-  sea-re-ts  eif  sue:ce-s.sful  ye-ast  niiinufacture-  are-  r;iw 
mateu-iids  eif  the-  highest  epmlity,  idisolute-  cle-aidine-ss  etui-ing  the-  wheele 
process  of  manufactuie-,  anel  (imilly  ede-rnal  vigilance-.  This  l-ist  is  the- 
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iiiviiriable  price  of  excellence  in  yeast.  Cleanline.ss  of  vessels  is  ensured 
liy  washing  and  scalding  with  live  steam.  As  iin  additiomil  precaution, 
all  vats  and  tubs  are  periodically  treated  either  with  sulphurous  acid 
or  hisul})hite  of  lime,  l)oth  of  which  are  absolutely  harmless  and  most 
eflicient  antiseptics.  All  floors  are  kept  cleiin  by  continual  rinsings 
with  water,  the  i)iithways  comsisting  of  rai.sed  ])lanks,  under  which  the 
watt'r  passes  freely.  In  the  yeast  settling  rooms,  where,  being  in  the 
<|uiescent  stiige,  the  risk  of  contamination  is  greatest,  the  floors  and 
walls  are  continually  treatc'd  with  solution  of  chlorirle  of  lime,  thus 
most  ett'ectivelv  destroving  all  disease  germs.  Such  is  in  outline  the 
process  of  manufacture  employed  in  the  production  of  one  of  the  most 
widely  used  and  highest  character  yeasts  imported  from  the  continent 
into  the  United  Kingdom. 

357.  British  Compressed  Yeasts.  -Kecently,  considerable 
progress  has  been  made  in  the  manufacture  of  compi’essed  yeasts  by 
.British  distillers,  who  have  applied  certain  modifications  to  spirit  dis¬ 
tilling  ju’ocesses  which  have  resulted  in  an  economic  ])roduction  of  yeast 
suitable  for  baker.s’  purposes.  Others  have  made  the  manufactui’e  of 
yeast  their  })rinci})al  object,  and  have  treated  the  spirit  produced  as  a 
bye-product.  Hence  it  is  that  a  fair  proportion  of  the  yeast  now  used 
is  manufactured  within  the  United  Kingdom. 

358.  Characteristics  of  Compressed  Yeasts. --A  good  sample 
of  comj)ressed  yeast  has  the  following  characteristics — it  should  be  only 
very  slightly  moist,  not  sloppy  to  the  touch  ;  the  colour  should  be  a 
creamy  white ;  when  broken  it  should  show  a  fine  fracture  ;  when  placed 
on  the  tongue  in  should  melt  readliy  in  the  mouth  ;  it  should  have  an 
odour  of  apjiles,  not  like  that  of  chee.se ;  neither  should  it  have  an  acid 
odour  or  taste.  Any  cheesy  odour  shows  that  the  yeast  is  stale,  and 
tluit  incipient  decomposition  has  set  in. 

Viewed  under  the  micro.scope,  compressed  yeast  consists  of  somewluit 
smaller  and  more  oval  cells  tluui  those  of  brewers’  3'east.  In  the  best 
vai’ieties  are  found  only  traces  of  foreign  ferments  ;  (.)ther  brands  contain 
them  in  large  numliers.  The  jaxist  cells  themsehes  should  possess  the 
.same  characteristics  iis  have  already  been  desciibed  while  treating 
brewers’  ^a^iist.  A  driiwing  of  compi'essed  yeast  is  given  in  Phite  II. 
The  cells  were  found,  on  meiisurement,  to  have  the  following  dimension.s — 

bongei- diiimeter,  ...  10  mkms.  =  O'OOO  I  inch. 

Sliorter  diiimeter,  ...  7‘6  mkms.  =  O'UOO.'l  ,, 

Diameter'  of  I'ound  cells,  T'd  mkms.  =  O'UOOd  ,, 

The  samjile  in  <iuestion  was  remarkably  fi'i'e  fi-ont  disease  fei'inents, 
one  only  being  seen  in  the  field  sketched,  while  sevm'rd  fields  showed  no 
foreign  organisms  whatever-.  The  gr-anulatiorrs  show  ver-y  distinctly, 
lire  yeast  irr  (luestion  was  a  ver-j’  jurr-e  one,  arrd  yielded  exceedirrgly 
good  results  wherr  subjected  to  strength  tests. 

It)  getteral  char  acter,  th(!  courjiressed  yeasts  are  steady  ami  trustworth}’ 
in  their  actiorr  ;  they  produce  sweth,  well  llavoureil  brrsids,  to  which, 
when  it)  good  corrditiotr,  tirey  do  trot  imjtart  any  yeasty  taste.  'I’heir 
good  (puilities  sttind  out  most  distinctly  in  summer  titiu',  when  other 
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yeasts  so  fieciuently  fail  entirely  to  ijrodiiee  a  satisfactory  Inaf  of  bread. 
Their  being  pro(lue(‘d  in  such  1  irge  (juantity  causes  theii-  manufacture 
to  be  entrusted  to  men  who  bring  tlie  higliest  skill  that  iiractical  e.x- 
perience  and  science  can  furnish  to  bear  on  every  detail  of  manufactui  ing 
processes.  The  manj'  good  p)-oj)erties  of  compressed  yeast  lead  it  to  be 
safely  indicated  as  the  yeast  of  the  future. 

359.  Admixture  of  Starch  with  Yeast.- -This  question, 

which  like  many  others  has  two  sides  to  it,  has  of  late  been  attracting 
much  attention  both  from  the  baker  and  the  yeast  manufacturer.  This 
is  hugely  due  to  the  action  of  certain  local  authoidties  in  instituting 
proceedings  under  the  Food  and  Drugs  Adulteration  Act  for  the  addition 
of  starch  to  yeast.  In  order  to  constitute  an  otlence  under  this  Act 
it  is  necessary  (1)  that  the  substance  itself  be,  according  to  the  legal 
detinition,  an  article  of  food  ;  (2)  that  the  substance  addcnl,  starch,  be 
injurious  to  health  ;  or  (8)  that  the  addition  has  been  fraudulently  madc' 
to  increase  the  weight,  or  conceal  the  inferior  quality  of  the  ai'ticle. 

It  is  matter  of  histoiT  that  in  the  earlier  production  of  compressed 
yeast  for  commercial  pui'poses  starch  was  invariably  used.  This  is 
sinqaly  following  a  common  practice,  for  frequently  in  ]iharmaceutical 
and  other  preparations  starch  is  employed  as  a  drying  agent  :  for  this 
purpose  it  is  well  adajrted,  being  neutral  in  its  ([ualities,  imu-t  and 
absolutely  harmless.  Yeast  from  its  peculiar  slimy  nature'  cannot  be 
pressed  well,  hence  the  addition  of  starch  permits  not  only  the  more 
rapid,  but  also  the  moi'e  complete'  re'moval  of  watei'.  With  impreevements 
in  yeast  iminufacture,  the  elitliculty  of  j're.ssing  has  bee'n  diminished, 
as  purer  yeeists  ai'e  “  cleane'r  ”  in  the  sense  of  freeehun  from  exte'rnal 
sliminess,  anel  so  tilter  me^re  re'aelily.  Y’ith  the'se  impreevements,  stre'ss 
of  competitieui  amemg  yeeist  niiinufacturers  luis  leel  them  to  apjeoiil  to  the' 
buyer  more  iind  Tiiore  on  the  greeiniel  of  freedom  from  impuritie's  in 
generiil,  and  steirch  in  particular.  Thore'feere,  many  ye'asts  are'  neew 
eetlei'e'd  to  buyers  as  ceensisting  eef  pure  ye'ast  cells  only. 

It  is  state'el  that  yeast  is  founel  on  the'  marke't  with  epiantitie's  eef  starch 
vju'ving  freim  0  to  as  much  eis  75  jier  cent.,  and  e'vielently  the'  whole'  eef 
the  large'!'  amount  is  not  adeh'el  simply  for  the'  juii  jieise  of  etlecting  more' 
r.'ipid  iinel  e'asy  tiltriitie)n.  If  the  Jielelition  of  stiii'ch  in  ;iny  quantity  be' 
pe'i'ini.ssible,  the  epu'stion  iU'ise's  as  te)  what  she)ulel  be  the  epi:uititiitive' 
limit.  The'  tii'st  ce)nside'i'atie)n  hei'e'  is  tliiit  eef  the  Jielviint.'ige  eu- othe'i'wise' 
etf  the'  jere'se'iice'  eef  starch  at  all  The  iiuthoi-  has  fe)i'  niiiny  yeNii's  he'lel 
the'  e)pinion,  exju'e'sse'd  publicly  in  his  feei'ine'i'  we)i'ks  een  this  subject,  th;it 
the*  ])re'se'nce'  e)f  stiii'ch  in  small  e]uantity  in  ye'ast  is  feer  certiiin  I'e'epiire'- 
ments  :i  elistinct  impi'eive'incnt.  This  eepinieen  is  base'el,  tlrst,  een  the'  f;u't 
thiit  eeve'i-ything  e'Ise'  be'ing  e'epial,  !i  ye'iist  with  ii  simdl  pere'e'nt;ige'  e)f 
st.'U'ch  ke'e'jis  leenge'i'.  It  is  ne)t  pi'e'teneh'el  that  a  high  chess  unmixe'el  ye  iist 
ma}’  ne)t  bee  .supe'i  ie)!'  in  its  ke'e'ping  e|ualitie's  te>  ii  hnv  class  ;inel  unsemnel 
mixe'el  sanqih' ;  but  that  one  anel  the'  .s;ime'  ye'ast,  if  mixe'el  with  ii  sniiill 
eiuiintity  eef  sUire'h,  h;is  supei'ior  ke'e'ping  powei's  tee  theese'  it  jieis.se-sse'el 
whe'ii  fi'e'e'  fi'om  this  aelmixture'.  e'spe'cially  elui'ing  hot  we'atlie'i'.  'Phis 
conclusiem  is  base'el  em  pe'i'seemilly  kee'ping  such  samples  eif  ye'ast  uneh'r 
obsei'v.'etie)!!  in  the'  ;iut  Imi-’s  laboi'ateiiy,  anel  jilsee  em  the  te-st  imony  of  '  ake'i's 
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ill  proviiioiiil  districts  whose  yeast  is  conijiaratively  old  when  it  readies 
them.  ISi'cond,  the  jireseiice  of  starcli  cliiiiinislit's  the  moisture'  ]iresent 
in  yeast,  wliicli  doubtless  is  one  threat  reason  of  its  better  keeping; 
qualities.  Third,  starch  when  jiri'sent  modities  the  miture  of  the  ye'ast, 
and  thus  renders  it  more  suitable  to  particular  requirements.  Thus, 
W.  (lintl  says,  “  that  althouj,di  the*  fernientation  is  undoiilitf'dly  more 
feeble  at  the  commencement,  yet  it  afterwards  becomes  more  vigorous 
than  with  pure  yeast.”  A  curious  exeniplitication  of  this  is  the 
experience  of  certain  London  bakers  who  set  a  sjionge  over-niglit  ;  they 
find  that  a  mixed  yeast  causes  such  a  sponge  to  be  just  ri'ady  when 
requiri'd  next  morning.  It  may  be  suggested,  why  not  use  an  unmixed 
yeast  and  less  of  it?  But  in  the  experience  of  these  users,  the  effect 
produced  is  not  the  same,  but  renders  them  liable  to  sour  bread.  The 
probable  e.xplanation  is  that  the  mixed  yeast  is  comparatively  dormant 
for  some  time,  and  only  commences  .active  fernientation  at  a  considerable 
interval  from  the  time  of  the  sponge  being  set.  Tlie  pure  yeast,  on  the 
other  hand,  has  a  higher  initial  activity',  ami  tinishes  its  work  sooner, 
causing  the  sponge  to  be  “  ready  ”  too  long  a  time  before  being  “  taken.” 
For  certain  purposes,  therefore,  this  modification  in  character  of  the 
yeast  meets  an  actual  want.  (It  is  not  contended  here  that  the  use  of 
a  mixed  yeast  is  the  onI\'  way  out  of  the  ditliculty',  or  even  the  bestw’^x, 
but  simply  that  is  the  way'  preferred  by  the  bakers  referred  to  ;  as  such, 
it  is  a  justification  of  those  yeast  merchants  who  cater  for  their  require¬ 
ments.  ) 

It  almost  follows,  as  being  incumbent  on  one  advancing  opinions  of 
the  nature  of  those  preceding,  that  a  discussion  should  ensue  on  the 
(juestion  of  the  (piantitative  limit  of  such  arlmixture.  Pi'obably'  this 
may'  be  dealt  with  most  conveniently  in  connection  with  the  history  of 
the  controversy  on  the  whole  question.  Stock  read  a  jiaper  on  the 
subject  before  the  Society  of  Public  Anah'sts,  in  April,  1S87,  in  which 
he  set  himself  to  answer  the  questions  - 

Lst.  Is  the  addition  of  stai’ch  to  y'east  a  necessity'? 

2nd.  If  neci'ssary,  what  end  does  it  serve  ? 

3rd.  What  is  the  quantitative  limit  ? 

4th.  Does  the  adilition  come  within  the  meaning  of  the  Food  and 
Drugs  Act  ? 

H  is  answer  to  the  first  and  second  questions  is  that  with  healthv 
yeast  such  addition  is  unnece.ssary,  and  that  the  added  starch  makes 
bad  y'l'ast  look  like  good,  and  impc'fles  the  development  of  the  lactic 
bacterium.  It  follows  that  lu'  fixi'd  no  cjuantitative  limit,  and  held 
the  very  decided  opinion  that  such  addition  came  within  the  scope  of 
the  Adulteration  Act.  Mr.  Stock’s  jiaper  shows  no  ('vidence*  whatever 
of  his  1  jeing  ac(iuaint(*d  with  tin*  actual  result  of  the  addition  of  starch 
on  the  keeping  (jualities  of  ya'ast,  its  pei'centage  of  moistuia',  or  its 
fermenting  pi’op(u-ties  in  the  bakehouse.  The  most  valuabh'  ri'sult  of 
the  pai  )er  was  the  contribution  to  tin*  discussion  made  by  Mr.  Otto 
ll('hner,  since  Pi-esident  of  the  Society',  who  said,  “  I  would  like;  to 
have  s(‘(‘n  some  infoi-matio7i  as  to  the  I'e-asons  which  induce  Mr.  Stoc-k 
to  say  that  there  is  no  use  or  in'cessitv  foi'  tlu'  prese'iicc'  of  starch  in 
y'cast,  and  why'  h('  asseils  it  to  be  oidy  i'e(|uii'(‘d  in  yeast  of  bad  (piality. 
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1  may  state  tliat  my  experience  is  diametrically  opposed  to  that  of  Mr. 
Stock.  .  .  .  AVitli  yeast  we  expect  to  get  a  certain  effect  ;  the  effect 
only  is  aimed  at ;  I  should  say,  if  a  sample  containing  90  per  cent,  of 
starch  ditl  its  work  i)ro})erly  and  well,  it  should  be  preferred  in  pre¬ 
ference  to  a  })ure  but  weak  article.  I  would,  of  C(;urse,  oppose  any 
deception  in  this  matter,  but  analysts,  as  such,  are  not,  in  my  opinion, 
in  a  position  to  judge  of  the  recjuirements  of  the  liaker.” 

The  next  important  contribution  to  this  controversy  was  a  paper  l)y 
fjaurence  Eriant,  appearing  in  the  Bakers'  Quarierly  Trade  Beviezv, 
June,  1888.  Eriant  points  out  that  “  ordinary  pressed  yeast  contains 
from  70  to  75  per  cent,  of  moisture,  and  that  if  .starch  be  introduced, 
the  proportion  present  is  considerably  smaller,  and,  within  certain 
limits,  it  can  be  slujwn  that  the  starch  only  replaces  a  })ro}>oi'tion  of 
the  moisture,  and  reduces  that  in  the  yeast  itself,  so  that  it  is  ])ossible 
that  the  pei‘centage  of  yeast  may  be  even  greater  instead  (;f  smaller. 
The  starch  abstracts  moisture  from  the  yeast  cells  themselves,  so  that 
it  is  possible  that  the  addition  of  starch  may  increase  the  proportion  of 


ictual  yeast 

in  the  sample,  as  shown 

by  the  following  hgures  : — 

Saiiiple. 

Yeast. 

starch. 

Moisture,  Asti,  Ac. 

No.  1. 

24-()0  ]x*r  cent. 

None  per  cent. 

75-40  jier  cent 

•> 

•25-10 

None  ,, 

74-90 

„  *3. 

26-15 

5-70 

68-15  ,, 

„  -I* 

24-08 

12-15 

63-77  „ 

„  5. 

20  50 

17-20 

62-.30 

It  will  be  .seen  that  the  yeasts  containing  starch  are  decidedly  drier. 
Jn  Xo.  3  sample  it  will  lx*  furtluu'  seen  that  the  percentage  of  starch 
introduced  has  actually  increased  the  (piantity  of  real  yeast  jiresent,  so 
that  the  ])Urchaser,  although  buying  a  jiroportion  of  starch  for  yeast, 
would  nevertheless  obtain  more  yeast  than  he  would  have,  had  tlie  sample 
been  pei-fectlv  juire.  .  .  .  There  is  one  direction  in  which  the  use  (;f 
starch  is  really  commendable,  naiindy,  by  tin'  reduction  it  effects  in  the 
percentage  of  nuristure  in  tin*  sam})le,  and  tin*  conse(iuent  increased 
keejiing  ([uality  impai'tt'd  thereto.  .  .  .  The  drier  tin*  yeast,  the  bettt'r 
it  will  keeji,  and  it  is  in  this  sense  that  tin*  use  of  stairh  in  yeast  may 
be  of  service  to  the  baker.” 

In  addition  to  Eriant’s  analyses  giv(‘n  above,  the  author  may  (piote 
sonn*  of  his  own,  recently  published.  Two  .sam]>les  of  yeast  of  the  same 
make  were  examined,  the,  one*  unmixed,  the  other  mixed  with  starch. 
The  following;  were  tin*  results  : 


Starch, 

Water, 


No.  C 
ITMiiixed. 

O'UO  per  cent, 

72-88 


No.  T. 
Mixed. 


19-2i>  per  c(*nt, 
ti()-4() 


Agiiin  lher(*  is  evid(*nce  that  the  yc'ast  c(»nt;iining  starch  is  very  con- 
sid(*rably  the  drier.  Eriant  calls  all  that  is  not  moistun*  or  starch 
“  y(*ast,”  iuid  in  order  to  make  tin*  (igui(*.s  jdiovi*  given  compandile  with 
.Mr.  Eriant 's  .s(*iies,  an  adilition  must  lx*  made  to  jx*ic('ntage  of  water. 
.\s  y(“ast  usindlv  oontidns  idiout  2  ]x*r  ci'iit.  of  ash,  this  tigure  may  be* 
tidxcn.  'J'he  above  amily.ses  then  lx*eonn*  - 
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No.  •]. 
No.  7. 


Yeast. 


IS  40 


per  cent. 

J) 


staivh. 


O-OO  per  cent. 


19-2() 


n 


!\!ni.sture,  Ash,  Ac. 


74'SS  per  cent. 


G-2-4() 


n 


Analy.sing  these  tignres,  r)'70  per  cent,  of  starch  resulted  in  the  pres- 
<Mice  of  More  dry  yeast  solids  than  the  pure  yeast  contained  ;  12' If)  per 
cent,  of  starch  resulted  in  the  yeast  solids  being  practically  the  same  as  in 
pure  yeast.  Another  .o  per  cent,  of  starch  added  drops  the  yt'ast  solids 
4  p°r  cent.  ;  and,  comparing  No.  7,  atiother  2  per  cent  of  starch  results 
in  a  further  disappearance  of  2  ])er  cent,  more  of  yeast  solids.  In  the 
whole  of  these  ajialyses  the  fact  stands  out  very  pi'ominently  that  the 
presence  of  starch  means  the  comparative  absence  of  water.  Take  the 
last  two  analyses  :  the  (juantity  of  water  less  in  the  one  compared  with 
that  in  the  other  is  72-88  -  6U-40=  12-48  per  cent.  Hut,  in  addition  to 
this,  the  starch  itself  will  rc'tain  in  a  state  of  absorption  .some  water  ; 
and  even  if  this  he  taken  as  onl}-  one-third  of  its  own  weight,  that 
amounts  to  0-40  ])er  cent,  of  water  abstracted  from  the  y-east,  so  that 
the  mi.xture  as  a  whole  is  di-ier,  and  so  also  is  the  yeast  part  of  it.  An¬ 
other  (juestion  here  arises,  and  that  is  how  far  .such  analy-ses  may  he 
taken  as  evidence  of  to  what  e.xtent  the  added  starch  replaces  y^east, 
and  to  what  e.xtent  it  re})laces  water.  The  difficulty  is  this  :  suppose  80 
parts  of  yeast  he  added  to  20  jiarts  of  starch,  the  two  thoroughly  mi.xed, 
and  called  No.  1  ;  let  a  second  mixture  he  made  hy^  taking  100  parts  of 
yeast,  20  parts  of  starch,  inixing,  and  then  scjueezing  out  some  of  the 
licjuid  present  until  tin*  weight  of  No.  2  mixture  is  100.  Iloth  these 
mixtures  contain  20  j)er  cent,  (jf  starch,  but  No.  1  contains  oidy  80  p(‘r 
cent.  of  the  original  yeast,  while  100  i)er  cent,  of  the  original  y-east 
remains  in  the  second,  less  20  parts  of  yeast  li({uid  which  have  been 
squeezed  out.  In  an  actual  experiment  made  by  tlu^  author  on  these 
lines,  30  grams  of  yeast  were  taken,  mixed  with  G  grams  of  starch,  and 
scjueezed  between  folds  of  dry-  Hlter  pa})er  until  .31  grams  only  of  the 
mi.xture  remained.  iMoisture  was  then  chitermined  on  both  the  original 
yeast  and  the  mixture  :  the  composition  was  as  follows,  the  ])ercentage 
of  starch  in  No.  2  being  obtained  by  calculation: — The  compo.sition  of 
the  mixture  of  80  parts  of  y-east  ami  20  jiarts  of  starch  is  also  given  as 
obtained  by-  calculation  : — 


Xo.  1. 

I’ln  e  Yeast. 

Starch,  0-00  per  cent. 
^\’ateI-,  73-.o()  ,, 


X  ( I.  ‘2. 

Yeast  and  Starch  dried 
tn  near  original  weiglit. 

19-3.3  per  ctmt. 
G0-8G  ,, 


Xo.  3. 

so  I’arts  Yeast. 
‘20  ,,  Starch. 


20-()0  })er  cent 


.38-81) 


>) 


In  the  tit-st  place  it  should  be  notict'd  th;it  No.  2  itutily-sis,  as  com¬ 
pared  with  No.  1,  iilmost  exactly  corresponds  with  Nos.  G  iind  7,  show¬ 
ing  most  conclusively  tliiit  if  the  wJiolc  (tf  the  starch  added  had  simply 
repkiced  wtiter,  the  composition  would  have  Iteen  just  its  w;is  tictiuilly 
found  liy  tintilysis.  Tin-  ttnalyses,  in  tact,  tlo  not  proN'etiny  rcpkictunent 
whatevei- of  y-eiist  by  stiirch.  On  the  other  hand,  it  must  Ixt  [tointt'd 
out  thiit  etpitilly  they,  considert-d  iilont',  do  not  pi-ove  the  altsenct:  of 
such  replacement,  tis  No.  2,  (pioted  above,  in  which  no  yetist  has  betm 
displaced,  tigrees  very  closely-  indeetl  with  No.  .3,  in  winch  20  pai-ts  of 
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starch  ]iave  simjily  taken  the  place  of  20  ])aits  of  yeast.  The  reason, 
of  course,  is  tliat  what  is  (lis})lac<Ml  wlicn  the  mixture  is  squeezefl  is  the 
liquid  contents  of  the  cells,  which  consist  princijially  of  watiu'.  In 
order  to  have  any  hearing  on  whether  or  not  the  starch  replaces  yeast 
cells  or  simply  water,  analyses  such  as  cpioted  should  also  he  supple¬ 
mented  hy  other  tests,  among  which  one  of  the  hest  is  the  yeast  appar¬ 
atus  ;  if  the  sample,  gives  oil'  a  low  jiroportion  of  gas,  that  is  a  proof 
eitlu'r  of  the  yeast  being  weak  oi'  else  containing  large  quantities  of 
foreign  matter;  to  tiu^  haker,  hoth  these  come  much  to  the  same  thing. 
Other  tests  of  vahu'  are  the  determination  of  the  amount  of  nitrogenous 
matter  2)resent,  and  also  the  actual  counting  of  the  yeast  cells  pre.sent 
ill  the  sample  hy  the  luematiineter.  Kut,  after  all,  what  we  riajuire  in 
a  yeast  is  gas-evolving  power,  comhined  with  keeping  qualities  :  if  hoth 
these  are  jiresent  in  a  high  rlegree,  tlam  a  small  percentage  of  starch  is 
a  matter  of  indifl'erence. 

In  suggesting  a  limit,  lieyoml  which  the  presence  of  starcli  should  he 
considered  hy  the  haker  in  the  light  of  an  adulterant,  the  maximum  of 
20  per  cent,  is  suggested,  which  amount  will  usually,  so  far  as  the 
author’s  experience  goes,  coincide  with  an  actual  increase  of  weight  of 
the  mi.xed  yeast  hy  about  S  per  cent,  over  the  weight  of  the  same  yeast 
if  supplied  jiure.  A  form  of  contract  under  which  yeast  is  sold  hy 
certain  manufacturers  is  that  the  quantity  of  yeast  that  shall  make 
100  kilograms  of  pure  yeast  shall,  when  mixed  with  starch,  have  its 
weight  increased  hy  an  amount  not  making  the  whole  exceed  110 
kilograms,  that  is  an  increase  of  10  per  cent.  Such  an  inci'case  of 
weight  will  usually  Ix'  accompanied  hy  the  presence  in  the  mixture  of 
about  20  per  cent,  of  starch.  Of  this  (piantity  rather  over  half  will 
have  replaced  water,  making  the  yeast  pi’ojxu'tionately  drier  ;  the  re¬ 
mainder  will  constitute  an  adilition  to  the  weight  of  probably  about 
per  cent.  This  is  not  an  unreasonable  addition,  considei'ing  the  gi'eat 
improvement  it  makes  in  the  yeast  :  and  usualh'  yeast  manufacturers 
make  no  secret  of  such  admixture,  and  arrange  foi’  the  same  in  the 
price  charged.  It  goes  without  saying  that  the  sale  of  a  mixed  yeast, 
as  unmixed,  con.stitutes  a  fraud  on  the  ]iurchaser. 

^\n  important  point  to  heai'  in  mind,  in  evmit  of  any  attenqit  at 
prosecution  under  the  Food  and  Di'ugs  Act  for  selling  yeast  mixed 
with  starch,  is  that  a  recent  judgment  of  the  High  Court  declares 
baking  powder  is  not  a  food,  and  that  decision  has  been  hekl  to  also 
exclude  yeast  from  tlu'  legal  food  category. 

360.  Guichard  on  the  Analysis  of  Yeast.  -Since  the  jne- 

ceding  was  writttm,  a  communication  has  ap])('are(l  in  the  Full.  Soc. 
Chilli.,  ISDl,  from  T.  Cuichard,  on  the  composition  and  analysis  of 
veast.  He  estimates  water  by  drying  thin  shavings  at  120  C.,  and 
linds  ])ure  yeast  to  contain  71  per  cent,  of  moistuu'.  l>y  suspmuling 
yeast  in  a  mixture  of  alcohol  and  chloroform,  lu'  finds  its  specific 
gravity  to  lie  I  ISO.  'Phe  \arious  ollu'r  determinations  made  do  not 
add  matcriallv  to  our  knowledge  of  the  composition  of  yeast.  Cuichard 
finds  that  “flic  results  of  chemical  analysis  an'  imt  sutlicii'iit  to  tt'st  its 
(pialitv  ;  for  tills  rea.son  the  fermenting  capacity  of  a  samph'  slmuld 
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also  lio  exainiiK'd.  For  the  puri)os(‘  the  followiiiii;-  new  (?)  process  is 
proposed.”  An  apparatus  is  employed,  consistinij;  of  a  small  l)ull)  with 
a  lateral  oritiee.  The  bulh  is  further  provided  with  a  lonj^  vertical 
tube,  over  which  is  placed  concentiically  a  widei-  tube,  divided  into 
100  c.c.  This  tube  is  tilled  with  water,  which  tln’oeeh  a  lateral  opening’ 
is  di.splaced  by  the  carbon  dioxide  generated  during  fermentation.  In 
the  bulb  is  ])laced  0'5  gram  of  the  yeast  to  be  e'amined,  diluted  with 
0’5  gram  of  watei’,  0  5  gram  of  sugar  dissolved  in  5  c.c.  of  water,  and  1 
gram  of  washed  sawdust.  The  side-tube  to  the  bulb  is  closed  with  an 
indiarubber  stopper,  and  the  apparatus  placed  in  a  water  bath  at  50" 
('.  The  quantity  of  carbon  dioxide  is  then  read  every  quarter  of  an 
hour  for  two  hours  and  a  half.  The  dithu’ent  readings  may  be  marked 
on  a  system  of  co-ordinates,  and  a  curve  is  thus  obtained,  rising  rapidly 
to  a  maximum,  and  falling  again  with  e([ual  rapidity.  The  Hatter  the 
curve  the  jtoorer  the  fermentative  quality  of  the  yeast.  Otherwi.se  the 
quantity  of  carbon  dioxide  evolved  is  taken  as  a  measure  of  the  (jualitv 
of  a  yeast.  The  strongest  yeast  examined  evolved  86’2  c.c.  of  carbon 
dioxide  in  two  and  a  half  hours. 

The  process  is  the  same  as  that  now  adopted  for  many  3’ears  by  the 
author  :  the  form  of  apparatus  is  one  likely'  to  be  veiy  convenient  foi- 
use  in  a  chemical  laboratory.  But  the  author  inclines  very  strongly  to 
Hour  and  water  as  a  fermenting  medium  for  yeast  testing,  and  prefers 
a  smaller  proportion  of  j’ea.st  to  fermentable  matter. 

“patent,”  oh  bakers’  home-made  yeasts. 

331.  Some  of  the  best,  and  at  the  same  time  some  of  the  worst 
bread  the  author  has  ever  tasted  has  been  made  with,  what  is  commonlv 
termed  by  the  baker,  “patent”  yeast.  This  is  just  what  anx'  one 
familiar  with  the  delicate  nature  of  x’east  as  an  organism  would  be  lerl 
to  expect.  Brewing,  whether  considei-ed  as  a  science  or  an  art,  is  a 
subject  of  which  the  aveiage  baker,  among  even  those  who  make  theii’ 
own  yeast,  knows  little  or  nothing.  On  the  other  hand,  the  manufac¬ 
turers  who  produce  pi'essed  yeasts  for  the  bakers’  special  use  are  num  of 
the  highest  scientiHc  education,  who  have  made  yeast  manufacture,  on 
a  sutiicientl}’  large  scale  to  })ermit  them  to  spend  adetpiate  sums  on  tlu“ 
most  eHicient  plant,  theii-  lif(>  study  and  business.  In  tin*  majority  of 
instances,  th(‘  hakei'’s  othei’  business  engagements  ])revent  his  giving 
yeast-making  anything  lik(^  ade(|uat(‘  attention  ;  the  conscapience  of 
entrusting  this  oj)eration  to  unskilled  and  indill'erent  hands  is  that  a 
most  irregular  and  unsatisfactoiy  product  is  yielded.  For  these'  re'asons 
a  nundjer  of  bak(>rs  Hnd  it  paj's  them  better  to  buy  their  yeast  of  the 
skilled  and  professional  manufacturer,  rathei'  tlnin  dejmte'  tlu-  task 
of  making  it  to  an  ignorant  and  possibly  jirejudiced  journeyman.  Still 
there  is  no  reason  why  a  baker  should  not  l)e  able  to  make  a  thoroughly 
good  and  satisfactory  yc'ast  foi-  himself.  It  is  onl^'  m'cessaiy  that  In' 
shall  bring  to  b('ae'  on  its  jii'oduction  tin'  following  reepiisitc's  ;  sound 
matc'i'ials,  jn-ojeer  manufacturing  a])]iai'atus,  knowledge  of  tin'  principles 
of  fernn'iitatioTi,  jiractical  exjx'i’ie'iice'  of  bri'wing,  and  lastly,  constant 
attention  and  supi'i-vision.  As  already  stati'd,  bakers’  ye'asts  mav  be 
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<livi(le(l  into  two  varieties — malt  and  liop  yeasts  as  used  in  England, 
and  Hour  harms  as  emphjyed  in  Scotland. 

362.  Bakers’  Malt  and  Hop  Yeasts.  These  consist  essentially 
of  small  mashes  of  malt  and  hops,  fermented  either  hy  the  addition  of 
some  yeast  from  a  previous  brewing,  or  allowed  to  ferment  spontane¬ 
ously  :  the  latter  is  known  as  “virgin”  yeast.  The  hops  present  tend 
to  })revent  disease  fermentations,  as  their  hitter  princijile  is  inimical  to 
bacterial  growth  and  develoj)ment.  In  virgin  yeasts,  particularly,  it  is 
nece.ssary  to  u.se  hops  largely,  and  also  plenty  of  malt ;  as  lactic  and 
other  foreign  fei-ments  flourish  far  better  in  a  dilute  saccharine  medium 
than  in  a  strongev'  one.  The  reader  will  already  he  familiar  with  the 
genei-al  outlines  of  the  fermentation  of  a  hopped  wort :  as  an  introduc- 
toiy  to  directions  for  the  prejiai'ation  of  patent  yeast  a  careful  study  of 
th(‘  following  e.xperiment,  made  hy  the  author,  will  he  of  service.  The 
student  Avill  do  well  to  repeat  the  experiment  for  himself  :  sufficiently 
full  directions  are  ther(‘foi'e  given  to  enable  him  to  do  so. 

Take  two  (juarts  of  water  and  half  an  ounce  of  good  hops  ;  set  these 
to  boil  in  a  large  glass  Hask  or  other  clean  vessel ;  boil  for  half  an  houig 
and  then  cool  down  to  65°  C.  (11-9°  F. )  .Scald  out  a  large  glass  beaker, 
or  failing  this,  a  vessel  of  copper  or  enamelled  ware;  wood  will  not 
answer  well.  Weigh  out  12  ounces  of  ground  malt  and  mix  with  the 
hops  and  water  in  the  beaker.  Maintain  the  whole  at  a  temperature  of 
from  65°  to  70°  C.  (119°  to  158°  F.)  for  two  hours;  this  may  be  done 
by  standing  the  beaker  in  a  hot  water  bath.  Jly  the  end  of  this  time 
the  saccharilication  of  the  malt  should  be  complet(‘.  Have  ready  an¬ 
other  glass  vessel  perfectly  clean  and  scalded.  .Strain  the  wort,  from 
th(^  grains,  through  calico  into  this  second  clean  vessel  ;  cool  down  as 
raj)idly  as  possible  to  25°  C.  (77°  F. )  In  the  meantime  have  ready  a 
large  water-bath,  carefully  regulated  at  a  temperature  of  25°  C.  by 
means  of  an  automatic  tem})erature  regulator.  Also  thoroughly  clean 
and  scald  si.x  glass  b(‘ak(‘rs  of  about  16  ounces  caj)acity,  and  have  ready 
glass  covau's  for  each  beaker.  Pour  the  liltered  wort  into  these  beakers, 
placing  about  an  eijual  (piantity  in  each.  Lalxd  both  beakers  and  cover 
with  numbers  from  1  to  6.  Let  No.  1  remain  in  the  condition  of  jdain 
wort;  to  No.  2  add  1  gram  (15  grains)  of  good  brewt'rs’  yeast;  to  No. 
.■>  add  0'7  gram  (10  grains)  of  good  conpu'essed  yeast.  I’repart'  Nos.  -I, 
5,  and  6  in  (‘xactly  Ihe  same  manner,  so  as  to  form  a  coria'sjxmding  set. 
Cover  each  beaker  with  its  glass  covt'r  and  stand  the  whole  in  tlu^  water- 
bath.  Let  the  lii'st  scu’ies  remain  undistui'bed,  but  a'rate  those  of  tlu^ 
second  by,  some  live  or  six  times  a  day,  pouring  the  contents  of  each 
beaker  into  a  clean  emjity  beaker,  and  then  back  again  s('veral  times. 
-After  each  acation  replace  tla^  covers  and  stand  the  beaktu's  again  in 
the  bath. 

After  about  21  hours  (>xamine  (‘ach  samj)l(‘  umhu'  the  n\icroseop('.  1  n 
the  author’s  exp(‘riment,  No.  1  at  that  time  contained  no  yeast  ;  ligure 
2.'5  represents  its  ajipearam-e  after  tliiu'c  days.  (This,  and  also  sevtu'al 
ligures  which  follow,  are  simply  fac-simih‘S  ot  rapid  sketches  mad('  in  a 
hiboi'ato)'y  note  book'.) 

The  most  careful  examination  of  Tadd  aftei'  held  reveah'd  not  a  singh' 
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Left  half  of  tieUl  taken  from  ferment ;  rijilit  from  the  same  after  being  sown  in  warm  “yeast 
mixture  "  for  ai)out  three  liours.  Magnitleil  al)out  440  diameters. 

VRftst  cell,  while  the  whole  liquid  was  swarniiiig  with  bacteria  ;  it  slight 
froth  had  formed  on  the  top.  The  left  hand  side  of  the  tioure  shows  the 
M'ort  its  taken  from  the  heaker,  one  or  two  grains  of  starch  being  visible. 
A  portion  of  this  wort  was  then  sown  in  Pasteur’s  Fluid  (Yeast 
Mixture),  and  again  examim^d  at  the  end  of  three  hours,  being  main¬ 
tained  for  that  time  at  26'6'’  C.  (8(J°  F. );  its  appearance  is  shown  in 
the  right  hand  portion  of  the  figure.  (The  student  is  recommended  to 
employ  a  fermenting  temperature  of  25°  C. )  This  result  was  obtained 
not  merely  once,  but  also  in  a  complete  duplieat(“  series  of  experiments. 
The  mofle  of  procedure  is  the  same  as  tliat  employed  by  those  bakei's 
who  are  in  the  habit  of  allowing  their  yeast  to  ferment  spontaneously — 
e.xcept  that  chemically  clean  vessels  are  employed  throughout.  Another 
interesting  point  is  that  although  yeast  was  being  u.sed  in  the  room  at 
the  time,  and  even  beakers,  containing  actively  fermenting  worts,  were 
standing  side  by  side  in  the  saint*  water-liath,  yet  the  loosely  fitting 
glass  covers  were  sullicient  to  prt'vent  tlie  entrance  of  yeast  cells  or 
spores  into  beaker  No.  1  from  external  source.s. 

AV’ithin  twenty-four  hours  aft(‘r  being  pitched,  each  sample  was  thus 
examined  under  the  microscope.  Nos.  2,  2,  5,  and  6  were  in  a  state  of 
vigorous  fermentation.  Subjoined  are  sketches  made  in  Nos.  5  and  G 
respectively. 

Figure  21-  shows  the  yeast  to  lie  in  an  actively  liudding  state.  Notice 
that  buds  of  dill'ei'ent  size.s,  (/,  are  attaclu'd  to  tlie  various  cells.  Tlie 
interior  of  tlie  cells  is  free  from  granulations;  a  few  show,  liowi'vi'r,  as 
for  instance  c,  a  distinct  vacuole*.  In  llu*  centre  of  one  group  an  old  or 
parent  cell,  a,  is  seen.  The  irregular  fragment  marked /ms  asmalljiiece 
of  cellulose  from  the  malt. 
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I  K..  24.  r.REUEKS  YEAM',  24  hours  after  being  sown  in  .Malt  Wort. 
-Magnified  alxjut  440  diameters. 


I'lc.  25. — COMI'KIC.S.SEI)  YE.\ST,  24  hours  after  being  in  .Malt  Wort. 

.Magiutled  ainmt  440  diameters. 

The  Jiifpciinuict'  of  ligunt  '25  is  voiy  siiiiihif  lo  tluit  of  the  jtft'eediiig 
OIK'.  An  (!.\iiiii])le  of  fin  old  cell  is  to  he  seen  towiifd  tlu'  left,  whilttthe 
held  geiKM'filly  is  oecujiied  by  new  etdls,  itei-fectly  free  front  gnuiulation, 
find  contfiining  no  viiciioles.  In  gi'iiertil  aspect  the  cells  are  nion^  oioid 
in  shfipe,  find  snuilh'r,  tluir.  those  of  the  hrewi'rs’  yeast. 

At  th(;  end  of  three  d.iys  tlut  yefists  wertt  figtiin  exfuiiined,  having  ht'en 
nniintained  fit  fi  ti'inperfitiirtf  of  lh)-()°  C.  (SO'’  1'^.)  for  this  time  ;  fi 
sketch  was  tlien  intidt!  of  No.  2  sainplt!  of  hrtfwers’  yefist. 
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KiG.  26. — brk\vp:rs’  ykas  t,  three  days  after  lieing  sown  in  Malt  Wort. 

Miigiiitieil  about  44U  diaiiieters. 

After  this  lapse  of  time  the  fermentation  had  very  nearly  ceased. 
Instead  of  observing  a  held  covered  with  perfectly  new  cells,  the  ma¬ 
jority  of  which  were  actively  budding,  the  aspect  of  the  yeast  is  far  more 
(piiescent.  Here  and  there  an  old  cell  is  still  to  be  seen,  ;is  at  a.  The 
new  cells,  however,  have  begun  to  assume  somcwhiit  the  Siime  appear¬ 
ance.  In  some  of  them  vacuoles  .ire  to  be  seen,  but  only  in  a  few.  The 
sketch  does  not  faithfully  represent  the  appearance  of  the  vacuoles,  as 
these  really  only  appear  as  lighter  parts  of  tlui  cells,  and  are  not  circum¬ 
scribed  with  a  dark  line,  sucli  as  one  has  to  use  in  sketching  them  in 
these  hgures.  All  the  cells  are  more  or  less  Idled  with  faint,  but  dis¬ 
tinct,  granulations. 


no.  27. — CO.MrKKSSKl)  YEAST,  lluec  <lays  .uftcr  being  sown  in  M.ult  Wurt. 
.Magnillfil  iibnut  I4U  iliiitiielcTS. 
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There  is  at  tlu*  end  of  this  time  a  marked  difference  in  ajipearance 
between  the  pressed  as  compared  with  tlie  lirewers’  yeast.  The  vacuoles 
sliow  much  more  distinct!}',  so  also  the  interiors  of  the  cells  are  much 
darker;  the  sketch  shows  several  of  parent  cells,  as  at  a,  a. 

Particular  attmition  is  drawn  to  the  fact  that  whereas  samples  Xos.  1 
and  4,  which  were  allow'ed  to  ferment  spontaneously,  swarmed,  after 
three  days,  with  bacteria  ;  the  wdiole  of  the  other  four  specimens  which 
had  been  sown  with  yeast  showed,  on  observation,  no  foreign  ferments 
Avhatever.  It  is  possible  that  some  may  have  been  discovered  by 
careful  and  systematic  examination,  but  the  main  point  is  that,  com- 
jiared  with  Nos.  1  and  4,  they  were  to  all  intents  ab.sent.  Now,  .save 
by  tlu^  addition  of  yi'ast,  all  the  samples  were  exposed  to  j>recisely  the 
same  conditions  ;  the  only  conclusion  to  be  draw'ii  is  that  the  ])resence  of 
yeast  growth  is  more  or  less  inimical  to  that  of  foreign  or  disease  ferments. 
The  practical  lesson  to  be  learned  from  this  is  that  bakers  who  prepare 
their  own  malt  and  hop  yeasts,  liy  sowing  them  with  small  ([uantities 
of  pure  yeast,  not  only  induce  a  healthy  growth  of  jnire  yeast  ferments, 
Init  also  retard  the  grow'th  and  development  of  disease  ferments.  The 
most  probable  exjilanation  of  this  lies  in  the  fact  that,  under  the  con¬ 
ditions  of  the  experiment,  there  is  a  more  or  less  acute  struggle  for 
existence  Ijetwiien  the  two  organisms,  and  yea.st,  being  the  more  vigorous 
and  hardy,  grows  and  develops  at  the  expense  of  the  bacteria. 

After  standing  .some  time  the  vessels  of  yeast  were  covered  with  a 
film  of  Jl/vcfldenna  cerevisice  :  a  growth  which  has  been  described  in 
Chapter  IX.,  and  illustrated  in  Figure  14. 

Nothing  has  as  yet  been  said  about  the  difference  between  the  series 
of  beakers  that  were  allowed  to  remain  undisturVied,  and  those  which 
were  aerated  from  time  to  time.  Jlefore  doing  so  it  would  be  well  to 
describi*  the  results  of  determining  the  amounts  of  gas  evolved  by  the 
respective  samples  on  being  tested  in  the  yeast  apparatus.  At  the  time 
tlu'se  experinamts  were  mad(‘,  the  author  was  working  with  that  older 
form  in  which  the  gas  bubbled  up  thi-ough  the  water. 

After  standing  three  days  these  samples  of  yeast  were  tested  by 
l)eing  inserted  in  the  testing  ap[)aratus.  Half  an  ounce  of  yeast  mixture 
was  taken,  to  this  was  added  six  ounce's  of  the  thoroughly  stirred  yea.st. 
At  the  end  of  three  hours  the  following  (|uantities  of  gas  were*  found  to 


ha\  e  been  ('volvi'd  from  each 

eubie  IiR-lies. 

No.  1.  S])ontaneous  ferment,  undisturbed,  ...  ...  IM 

No.  2.  l^itched  with  br('W('rs’ yeast,  undisturbed,  ...  IG'S 

No.  .4.  Pitched  with  pn's.seel  yeast,  undistui'bed,  ...  God) 

No.  4.  Spontaneous  ferment,  agitated,  ...  ...  ik? 

No.  T).  Pitched  with  Inewers’ yeast,  agitate'd,  ...  ...  18-G 

No.  G.  I’itched  with  pressed  yeast,  agitated,  ...  ...  42-8 

The  expi'riment  shows  very  clearly  that  tlu'  agitation  has  resulted  in 
the  yeast  being  in  ('very  instance  more  vigorous  in  action.  In  the  case 


of  the  spontaiK'ous  feniu'nt  tlu'ix'  was  a  distinct,  though  slow,  evolution 
of  gas.  4’h('  samph's  pitched  with  the  pressc'd  yc'ast  had,  by  the  by(', 
more  than  twice  the  caiiacity  for  causing  the  evolution  of  gas  than  had 
those'  which  were'  pitched  with  brewers’  yeast.  It  is  plain  that  agita- 
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tio7i  in  some  way  ijicrcases  the  vig7)ur  of  yeast.  Those  students  who 
have  caiefnlly  read  the  section  of  Clia})ter  IX.,  dealing  witli  the 
influence  of  o.xygen  on  fermentation,  will  cleaidy  understand  the  caus(> 
of  such  increase  in  fermentative  power. 

When  yeast  is  being  made  l)y  bakers  from  malt  and  hops,  although 
fermentation  goes  on,  it  is  not  tlie  fermentation,  as  such,  that  is  wanted. 
The  change  recpiii’ed  is  not  the  production  of  beer,  but  the  growth  and 
development  of  yeast  ;  lienee  the  operation  should  be  so  conducted  as  to 
induce  the  greatest  yield  of  yeast  in  the  most  active  and  vigorous  form. 
.dEration,  or  “rousing,”  as  it  is  often  termed,  is,  as  will  now  be  well 
understood,  of  considerable  service.  In  brewing  large  quantities  of 
yeast,  it  Nsould  obviously  be  diflicult  to  aerate  by  pouring  from  vessel  to 
vessel  ;  the  same  object  may  be  served  by  from  time  to  time  thoroughly 
stirring  the  fermenting  3’east.  This  free  access  of  air  not  only  stimu¬ 
lates  the  growth  of  yeast,  hut  in  addition  is  inimical  to  the  development 
of  disease,  ferments  ;  so  much  so,  that  by  careful  working  with  plenty 
of  air  a  yeast  can  be  made  to  give  moderately  good  results,  that  would 
be  absolutely  unusable  if  fermentation  were  conducted  in  closed  vessels. 
It  follows  that  3'east  is  better  brewed  in  comparatively  shallow  and 
open  tubs  than  in  deep  and  closed  ones. 

The  careful  jierformance  throughout  of  this  e.xperiment  will  not  only 
be  an  instructive  exercise  on  fermentation,  but  will  also  aflbrd  good 
practice  with  the  microscope. 

363.  Formula  for  Manufacture  of  Malt  and  Hops 
Patent  Yeast. — The  following  formula  for  the  manufacture  of 
patent  3'east  is  taken  from  “The  Miller,” — 40  gallons  of  water  and  2 
lbs.  of  sound  hojis  are  boiled  together  for  half-an-hour  in  a  copper,  and 
then  2)ns.3ed  over  a  refrigerator,  and  thus  cooled  to  a  temperature  of 
TF  C.  (1G0°  F.)  The  liquor  passes  from  the  refrigerator  to  a  stout 
tub;  1  .'r  bushels  (about  G3  lbs.)  of  crushed  malt  are  then  added,  and 
the  mixture  thoroughly  stirred.  The  mash  is  allowed  to  stand  at  that 
temperature  for  H  hours,  filtered  from  the  grains,  and  then  rapidly 
cooled  to  21°  C.  (70°  F.)  The  passage  over  the  refrigerator  serves  also 
to  thoroughly  lerate  the  wort.  Hpontaneous  fermentation  is  then 
allowed  to  set  in,  and  the  yeast  is  usually  ready  for  use  in  24  hours, 
but  is  in  better  condition  at  the  end  of  two  dax'S.  All  fermenting 
tubs,  and  other  vessels  and  implements  used,  are  kept  clean  iiy  being 
from  time  to  time  thorouglily  scalded  out  with  live  steam.  The  result 
is  the  [iroduction  of  a  yeast  of  very  high  quality. 

364.  Suggestions  on  Yeast  Brewing ;  what  to  do,  and 

what  to  avoid. — The  quantities  given  above  are  larger  than  those 
required  bj'  man}’’  liakers,  but  the  formula  may  be  irdopted  for  snudler 
brewings  by  taking  a  half,  or  quarter,  or  some  other  proportion  of  each 
ingredient.  In  connection  with  lirewing,  the  first  consideration  is  the 
room  ;  this  should  not  bo  in  the  same  part  of  the  bakehouse  as  the  ovens. 
Select,  if  possible,  a  room  having  an  equable  temperature  of  from  G.5  to 
70°  F.  Stout  tubs  of  appropriate  size  should  be  used  for  brewing  ;  tlu'se 
should  1)0  about  the  same  width  as  depth.  Before  commencing,  clean  all 
tubs  and  implements  with  boiling  water.  The  hops  are  better  boiled  in 
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ii  coppei’j  iron  vessels  are  apt  to  discolour  them,  esjiecially  if  the  vessels 
are  in  the  slightest  degree  rusty.  Let  the  hop  litjuor  cool  down  to  the 
temperature  given,  before  adding  the  malt,  as  a  tempiu-ature  much  higher 
than  from  05  to  70“  C.  destroys  the  diastasic  })Ower.  On  no  account 
boil  the  malt ;  some  bakers  place  malt  and  hops  together,  and  boil  the 
two,  under  a  mistaken  idea  that  they  get  more  extract  from  the  malt. 
The  result  is  that  diastasis  is  arre.sted  long  before  the  whole  of  the  starch 
is  converted  into  dextrin  and  maltose.  For  the  same  reason,  fifteen 
minutes  is  too  short  a  time  for  the  mashing  to  be  continued.  The 
baker  not  only  recjuires  to  saccharify  his  malt,  but  it  is  also  necessary 
for  him  to  convert  as  large  a  proportion  as  possible  of  his  dextrin  into 
maltose.  This  is  hindered  either  by  using  too  high  a  temperature,  or 
mashing  for  too  short  a  time.  Starting  with  a  mashing  li(pior  at  65  to 
70°  C.,  and  mashing  for  ftx)m  li  to  2  hours,  gives  about  the  best  results. 
The  cooling  after  removal  from  the  grains,  which  may  be  washed  or 
“sparged”  with  a  small  quantity  more  water,  must  be  done  quickly,  so 
as  to  have  the  wort  for  as  short  a  time  as  possible  at  a  teuqjerature  of 
from  35  to  40°  C.,  as  at  that  temperature  bacterial  fermentations  jJi’o- 
ceed  most  vigorously.  The  wort  at  21 ‘5°  C.  (70°  F. )  may  either  be 
pitched  with  a  small  (quantity  of  yeast  reserved  from  the  last  brewing, 
or  by  the  addition  of  a  small  quantity  of  good  fresh  compressed  yeast. 
If  wished,  the  fermentation  may  be  allowed  to  set  in  spontaneously,  as 
suggested  in  the  preceding  paragrajdi,  in  which  case  a  “  virgin  ”  yeast  is 
produced.  It  is  doubtful,  however,  whether  this  is  to  be  recommended 
in  most  cases.  The  risk  of  spoiled  yeast  is  greater,  and  at  times 
alcoholic  fermentation  doi^s  not  set  in  at  all,  or  too  late  to  prevent  its 
being  preceded  by  excessive  lactic  and  other  foreign  fermentations. 
The  temperature  should  not  be  allowed  to  rise,  during  fermentation, 
much  above  21  to  22°  C.  In  summer  time  there  is  a  great  tendency  for 
a  rapid  rise  to  set  in  ;  this  m.ay  be  controlled  by  i)lacing  an  attemperator 
in  the  wort,  and  passing  a  stream  of  cold  water  through.  An  attem- 
j)erator  consists  of  a  properly  arranged  series  of  pipes,  through  which 
hot  or  cold  water  at  will  may  be  pas.sed.  Temperatures  must  in  all 
cases  be  got  right  by  actual  use  of  the  thermometer.  From  time  to 
time,  .stir  the  fermenting  wort  so  as  to  rouse  or  mrate  it :  should  it 
happen  to  be  sluggish,  throw  in  a  handful  of  raw  flour.  ATien  the 
yeast  is  made,  keep  it  freely  exposed  to  air.  In  making  patent  yeast  it 
is  very  poor  economy  to  stint  either  malt  or  hops  :  a  weak  wort  j)roduces 
a  much  less  healthy  and  vigorous  yeast  than  does  a  strong  one,  beside 
being  much  more  subject  to  di.sease  fermentation,  and  conseijuent 
acidity.  And,  when  made,  the  dilute  yeast  shows  no  saving,  because 
.so  much  more  of  it  has  to  be  taken  in  order  to  do  the  same  work. 

365.  Specific  Gravity  of  Worts,  and  Attenuation.— In 

addition  to  taking  the  temj)erature  of  his  worts,  the  bn'wer  also  tests 
the  density  or  sj)i‘cific  gravity  of  each  samjilc.  This  is  done  as  a  means 
of  ('stimating  tlie  amount  of  soluble  ('xtract  i)btained  from  the  malt. 
Th(!  maltose  and  other  soluble  carbohydrates,  yielded  on  mashing,  in- 
crea.se  the  specific  gravity  of  the  wort.  Taking  the  density  of  water  as 
1000,  each  gram  of  carbohydrate  in  100  c.c.,  or,  what  amounts  to  the 
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•siinie  thing,  eacli  lit.  of  carlioh ydrate  in  10  gallons  of  tlio  wort  incrctises 
the  density  of  the  solution  lh<S5.  Thus,  supiiose  that  a  wort  is  found  at 
]5-5°  C.  (G0°  F.)  to  have  a  specitio  gravity  of  1011 -5,  then 

1011-5-1000 

- - -  =  3  =  weight  in  lbs.  of 

sugar  and  other  solid  matter  in  10  gallons  of  the  clear  wort.  As  the 
density  of  a  litptid  varies  with  its  teniperatim',  all  densities  are  best 
taken  at  the  unifoi-in  temperature  of  15-5°  C. 

The  Inland  llevenue  Act  of  1880  assumes  that  2  bushels  of  average 
malt,  weighing  8-t  Hjs.,  will  produce  a  barrel  (3G  gallons)  of  wort  having 
a  density  of  1057.  Accepting  this  estimate  as  correct,  and  assuming 
that  the  40  gallons  of  water  emidoyed  in  the  previously  given  recipe, 
together  with  the  small  e.xtra  quantity  used  in  sparging  or  washing  the 
grains,  yield  after  loss  through  evaporation  40  gallons  of  wort;  then 
the.  wort  ])roduced  ought  to  have  a  den-sit}’  of  1038-3,  wdiich  is  equal  to 
almost  e.xactly  10  lbs.  of  solid  extract  per  10  gallons  of  wort.  Working 
Avith  comparatively  imperfect  methods,  and  in  small  ciuantities,  the 
baker  cannot  ex})ect  Ids  malt  to  yield  the  full  extract,  but  as  a  matter 
•of  practice  he  ought  at  any  rate  to  get  nothing-  less  than  a  density  of 
1030.  One  of  the  most  important  sources  of  loss  arises  from  imperfect 
sparging  of  the  grains  ;  these  should  be  washed  once,  and  may  then  with 
economy  be  put  into  a  small  i)ress  and  scjueezed  dry.  Of  course,  if  with 
extra  washing  water  the  volume  of  the  wort  is  increased,  tlien  the 
density  will  naturally  fall.  Testing  the  density  of  his  wort  is  not  only 
of  importance  to  the  baker,  as  a  measure  of  the  degree  of  elliciencv  Avith 
Avhich  he  is  extracting  the  valuable  matters  of  his  malt,  but  is  also  a 
te.st,  of  the  highest  value,  of  the  regularity  of  his  work.  If  one  day  a 
Avort  of  comparatiA'ely  high  density  is  being  attained,  and  on  another 
one  of  low  density,  something  is  Avrong,  and  must  be  righted.  The 
baker  should  always  endeaA'our  to  have  his  worts  at  the  same  density 
when  ready  for  pitching:  1030  may  be  taken  as  a  very  good  standard 
to  work  at.  If  it  is  found  in  practice  that  the  densities  fall  below  this, 
mash  Avitli  comparatively  less  Avater  ;  if  the  densities  run  too  high,  dilute 
the  Avort  Avith  Avater  until  of  the  right  density  before  pitching.  The 
necessary  (juantity  of  Avater  to  add  may  be  easily  calculated,  on  re¬ 
membering  that  the  volume  of  the  Avort  is  in  inverse  projiortion  to  the 
density,  less  1000.  Thu.s,  supposing  that  the  40  gallons  of  Avort  are 
found  to  have  a  density  of  1035,  then 

as  30  :  35  :  ;  40  :  40  gallons. 

The  Avort  Avill  have  to  be  made  up  to  40  gallons,  therefore  0  gallons  of 
Avater  must  be  added.  The  quantity  of  Avort  jinxluced  slujuld  ahvays  be 
measured;  to  do  this,  determine  onc(‘  for  all  the  ca])acity  of  the  f(‘r- 
menting  tubs  in  the  following  manner  : — Prepaie  a  star!  about  an  inch 
scjuan* ;  jiour  water  into  tin;  tub,  gallon  by  gallon,  and  at  each  addition 
])ut  in  the  stall  and  mark  on  it  the*  height  of  the  Avater.  This  ofx-ration 
once  completed,  the  <juantity  of  Avort  made  can  at  any  time  be  det(‘r- 
mined  siiiq)ly  by  plunging  the  stati'  into  the  tid)  and  i-eading  oil’  the 
nuiiibei-  of  galhms  as  marked  on  it. 

for  practical  purposes,  the  density  of  a  Avort  is  best  determined  by  a 
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hydiTBiietei-,  tliis  iustruiiiont  is  iiiiide  eitlicr  of  l)i';iss  cm-  "lass.  It  has  a 
wt'i<,dited  hull)  at  the  hottoiii,  and  a  l()ii,n  "raduated  stein  ;  accompanyiii" 
the  hydrunioti'r  is  a  tall  glass  jar,  known  as  a  hydrometer  jar.  Fill  this 
jar  with  wort  at  the  light  tennierature,  and  place  in  the  hydrometer; 
as  soon  as  it  conies  to  rest,  read  off  the  graduation  which  coincides  with 
the  level  of  the  liijuid  ;  the  numher  gives  the  density.  F''or  the  haker, 
the  most  convenient  hydrometer  is  one  graduated  in  single  degrees, 
from  lOOO  to  1040.  The  hydrometer  is  also  sometimes  known  as  a 
saccharometer. 

As  fermentation  proceeds,  the  density  of  the  licjuid  becomes  less,  and 
at  the  same  time  it  loses  its  sirupy  consistenc}’ — hence  the  brewer  states 
it  to  have  hecome  “attenuated.” 

366.  Microscopic  Sketches  of  Patent  Yeast,  in  Plate 

IT.  are  given  microscopic  sketches  made  of  patent  yeasts  collected  in 
the  South  of  Pngland. 

The  sketches  marked  respectively  a  and  />  were  drawn  from  sainjiles 
of  patent  yeast,  both  obtained  in  the  same  town,  but  from  diti'erent 
bakers,  during  the  summer.  The  .sample  marked  a  was  (‘vidently  pre¬ 
pared  in  a  strong  wort  ;  in  fact,  at  the  time  of  e.Namination  the  yeast 
was  still  swei't  through  presence  of  maltose  in  considerable  quantity, 
and  had  a  high  density.  The  yeast  was  not  free  from  disease  ferments, 
but  still  compared  remarkably  favourably  in  this  respi'ct  with  all  other 
samj)les  e.Kaniined.  One  specially  noticeable  point  about  the  sample 
was  the  elongated  shape  of  the  cells  ;  some  were  not  merely  ovoid,  but 
even  decidedly  pear  shaiied.  One  sketched  shows  this  peculiarity  in  a 
very  marked  manner.  This  yeast  was  at  the  time  j'itdding  very  good 
results;  the  bread  was  sweet  and  of  good  llavour.  One  is  in  doubt 
with  regard  to  .sample  l>,  whether  it  should  be  viewed  as  an  e.xample  of 
alcoholic  or  bacterial  fernumtation  ;  certainly  the  latter  ferments  an* 
about  as  jjlentiful  as  yeast  cells.  The  yeast  contaimal  very  little  either 
of  maltose  or  hoj)S  ;  in  fact,  it  had  evidently  been  brewed  with  as  little 
as  possible  of  these  ingredients  employed.  Headers  will  probably  not 
be  surprised  that  yeast  a  produced  a  far  superior  loaf  of  bread  than  did 
yeast  A  The  sample  c  is  likewise  of  considerable  interest ;  it  was  also 
taken  during  the  summer.  The  baker  was  in  the  habit  of,  at  the  dost* 
of  his  yeast  brewing,  .setting  aside  a  portion  for  the  purpose  of  ]>itching 
his  ne.xt  lot  of  wort.  This  2'itching  yeast  was  stored  in  a  corked  bottle. 
This  also  was  a  yeast  brewed  in  a  {)oor  wort,  although  not  so  l)a(l  as 
sam2)le  />.  Notice  2>urticularly,  in  c,  the  chain  of  elongated  cells  ;  tlu'se 
are  oftcm  noticisl  in  yi'ast  grown  without  sullicient  aliment,  and  the 
sketch  shows  a  striking  examjjle. 

SCOTCH  FEOUH  HARMS. 

367.  Flour  Barms,  Thoms’  Formulse.  -  The  following  de- 

.scrij>tions  of  Scotch  Flour  Harms  are  from  the  inm  of  Mr.  Thoms  of 
Alyth,  a  well-known  authoi'ity  on  Hread-making  :  — 

“There  are  many  kinds  of  Hour  barms  used  in  Scotland,  in  fact  all 
are  Hour  bai-ms  ;  but  for  the  jiresent  1  will  treat  of  two  of  the  latest 
and  best.  These  are  ‘Parisian  Haiin  ’  and  ‘Virgin  Harm.’  Virgin 


MANUFACTUUK  AND  STHEX(;TII  OK  YEASTS, 


201 


<liflers  from  Parisian  only  in  1)ein,i^  siiontaneously  or  self  ftn-mcnted. 
Parisiaii  harm  was  introduced  fiom  Paris  to  Scotlaiul,  by  a  baker  neai' 
Edinburgh,  about  thirty  years  ago.  It  is  essentially  a  leavening  fer¬ 
ment  ;  a  scientific  modification  of  the  systems  of  ancient  Egyj»t  and 
jiresent  France.  After  its  introduction  to  Scotland  its  u.se  spread 
rapidly,  and  it  alone  is  used  in  all  the  machine  bread  factories  thei-e, 
and  in  a  number  of  the  best  establishments  in  the  north  of  Ireland! 
The  Parisian  is  easier  to  make,  but  easier  to  .spoil.  All  that  is  required 
is  skill  to  select  the  materials,  and  knowledge,  founded  on  exjjerience, 
to  guide  the  process  of  fermentation,  which  results  in  inert  flour  and 
water,  infusions  of  malt  and  hops,  being  converted  into  the  vital,  self- 
jiropagating  and  carbonic  acid  producing  substance  we  call  barm,  which 
makes  fermented  bread  light  and  vesiculated. 

368.  “  Virgin  Barm  :  Things  Required.— A  30  or  32  gallon 

tub;  a  small  tub  or  ves.sel  for  malt-mashing;  10  lbs.  malt  :  3  oz.  hops, 
and  a  Jar  in  which  to  infuse  them  ;  about  40  ll)s.  flour,  of  which  one- 
third  should  be  American  Spring  straight  and  tw'o-thii'ds  Talavera 
wheat  flour,  or  sound  red  Winter  ;  2  or  3  oz.  salt  ;  cS  or  12  oz.  sugar  ;  a 
handful  of  Hour  ;  and  about  IS  gallons  of  boiling  water.  (The  gal¬ 
lon  here  means  the  Imperial,  holding  10  lbs.  water  at  a  temperature  of 
60°  F.)  '  ^ 

369.  “  How  to  Use  or  Manipulate  them.—  -Mash  the  malt  for 
li  hours  in  3  gallons  of  wmter  after  it  has  been  cooled  to  160°  F.  ; 
infuse  the  hops  the  same  time  in  1  gallon  of  wuiter  poured  over  the  hops 
at  a  boiling  tempfu'ature  ;  then  strain  the  malt  and  hop  infusions  into  the 
barm  tub  ;  now'  sparge  or  wash  the  draining  malt  grains  with  another 
gallon  of  water  at  a  teiiipei’ature  of  1 90  or  200°  F.  I^ote,  the  malt  grains 
aie  not  pressed  in  any  w’ay,  oidy  allowed  to  drain.  M  hen  the  water  has 
about  stopped  running  from  the  grain.s,  the  licpior  in  the  tub  should 
show'  a  temperature  of  140’  or  146°  F.,  tlien  w'ell  and  thoroughly  mix  in 
the  flour  w'ith  the  hands.  The  next  stage  is  scalding  this  mi.xture  or 
thin  battei’  with  7  gallons  of  boiling  water,  and  stirring  sharply  with  a 
stick.  Pegin  Ijy  pouring  in  2  gallons,  and  stirring  it  well  up  and  from 
tlie  bottom  and  all  round,  then  add  another  -3  gallons  nnd  give  more 
<ind  sharf)  stiri'ing,  and  finish  with  anotlu'r  2  gallons  and  more  stick 
woi-k.  The  .scalded  batter  is  then  a  thick  jellyish  i)aste.  The  water 
used  in  malt  ancl  hop  infusions  and  S2)arging  is  5  gallons,  in  scalding  7 
gallons,  making  in  all  12  gallons.  I  mentioned  IS  gallons  becausf*  it  is 
desiiable  to  have  mon*  boiling  water  than  retpiired. 

3YO.  FsrmBUtatiOD.  —  The  barm  tub  and  contents ar*;  left  in  the 
Jie\s -house  uncov(*r(‘d  for  21  hours  or  so.  During  that  tinu'  tlie  mi.xture 
undetgoes  se\('ral  changes.  Tlui  scalding  water  bursts  a  j>roportio!i  of 
t  le  staich  granules  of  the  Hour,  converting  tliem  into  starch  pastes  :  the 
( last.isv  of  tins  malt  inverts  or  liydrates  this  j)aste  into  a  sugar,  maltose, 
am  a  »ro\\  n,  gummy  body,  dtextrin.  'Tlie  mixtur(‘,  after  scalding,  tasti's 
^  ei  \  sw  e(?t ,  in  half  an  hour  after  it  is  sweeter,  and  thinner,  and  l)rowner. 

lese  c  iang(‘s  contimu'  for  scweral  hours,  then  a  distinct  acid  taste,  is 
e  .  ^\t  the  eml  of  J1  hours  tin;  mixture  is  sti’ained  from  om*  tub  into 

anotlier,  so  as  toau-ate  it.  Wlien  it  has  cooled  down  to  84°  V.,  mix  in  the 
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salt,  suifar,  and  a  liaiulful  of  Hour,  and  keep  tlie  tub  lightly  covered,  or 
uncovered,  in  a  jilace  where  the  now  sliglitly  fermenting  mixture  will  not 
fall  below  a  temperature  of  ^0°  F.,  or  rise  over  84°  F.  Supposing  this 
is  done  24  hours  after  brewing,  then  during  the  next  24  hours  stir  up 
the  mixture  three  times — the  number  of  times  depends  on  the  fermen¬ 
tation  being  free  or  sluggish — and  note  the  heat,  and  at  the  end  of  the 
24  hours  again  strain  gent!}'  from  one  tub  to  another.  In  another  12 
hours  stir  up  again  ;  it  will  then  be  in  vigorous  fermentation,  and  will 
rise  and  then  fall.  When  neai  ly  full  down,  or  when  a  lighted  match 
will  buin  within  three  or  four  inches  of  the  suiface,  remove  the  tub  to 
a  cool  place.  This  will  be  on  the  thinl  day  after  brewing.  This  barm 
could  be  used  in  a  sponge  the  same  day,  but  it  is  far  l)etter  on  the 
foui'th  and  fifth  day  after  brewing. 

37J.  “  Parisian  Barm.  — -The  mabulals,  and  quantities  and  iiiani- 
pulation,  are  the  same  as  for  Virgin.  Only  in  about  24  or  27  hours  after 
brewing,  and  when  the  mi.xture  has  cooled  down  to  84°,  86°  F.  in  winter, 
and  76°,  78°  F.  in  summer,  instead  of  putting  in  salt,  sugar,  and  Houi’, 
and  letting  it  self-ferment,  it  is  stored  or  set  away,  with,  in  wintei-, 
about  1^  gallons  old  barm,  or  Virgin  ;  in  summer,  about  1  gallon  ;  and 
the  tub  is  best  kept  uncovered  during  and  after  fermentation,  where 
the  temperature  is  between  60°  F.  and  70°  F.  In  this  case  active 
fermentation  is  about  over  in  16  to  24  hours,  wluui  it  is  better  to 
remove  the  tub  to  a  cooler  place.  With  this  barm,  as  with  Virgin, 
and  every  other  yeast,  it  is  not  advisable  to  u.se  it  in  sponge  immediately 
or  shortly  after  it  has  dropj)ed.  They  should  be  left  undisturbed  in  a 
cool  })lace  at  a  temperature  between  40°  F.  and  60°  F.  Harm  at  this 
stage  should  be  kept  in  shallow  tubs,  or  coolers,  where  a  large  surfact' 
is  exposed  to  free  oxygen.” 

372.  Microscopic  Character.  -Viewed  undi'r  the  microscop<q 

Scotch  Hour  barms  always  .show  a  certain  ju'oportion  of  lactic  ferments 
as  a  noiinal  constitmmt.  Thoms  argues  that  tlu'ir  juesence  is  bene- 
ticial,  and  state.s,  in  favour  of  that  view,  that  when  he  has  taken  steps 
for  brewing  barm  in  which  lactic  ferments  are  absent,  that  the  bread  is 
of  inferior  (luality.  Th('  probabh'  function  of  lactic  ferments  during 
panitication  will  be  dealt  with  in  a  future  chapter.  Scotch  hiead  has 
always  ;l  acid  tiavour,  totally  distinct  from  what  is  understood  in 

England  as  “sourness”  of  bnsul,  but  more  resembling  in  tyjie  the 
flavour  of  buttermilk.  (Germans  iimm'diately  notice  this  characteristic 
of  Scotch  bread.  It  should  be  explained  that  this  j)eculiarity  is  not 
quoted  as  a  faidt  :  in  fact,  those  accustomed  to  bread  of  this  flavour 
find  something  lacking  if  tin*  acidity  In*  absent. 

373.  Strength  of  Various  Yeasts. — There  follow  particidars 
of  the  stnmgth  of  various  samples  of  v(‘ast,  wlum  trt'at('d  in  the  yeast 
apparatus.  The  first  scu’ic's  have  beam  made  with  yeast  mixtuia',  and 
water  at  30°  C.  :  in  those  of  the  second,  sugar  and  watt'r  at  27)°  C.  were 
adojited.  A  ipiartei'  ounce  of  conqm'ssed  bi'ewei’s’  yeasts  was  taken 
for  each  test,  and  six  ounci's  of  the  patent  ytsists,  water  then  being 
dispensed  with.  Tin*  (‘volvcal  gas  is  measuiaal  in  cubic  inclu's.  1  lit' 
same  brand  is  throughout  rtqiri'sented  by  the  same  letter  ;  thus  giving 
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an  opportunity  of  comparing  one  and  the  same  yeast  over  a  considerable 
time. 


A.  'R'lvo'f  Rovioa  Cubic  inches  of  kjis 

O  I  ‘x.  11  oU  0“1 evolved  in  6  hours. 

No.  1.  Compressed  Yeast,  A,  27tli  April,  1885,  .  .  170-2 

No.  2.  Brewers’  Yeast,  A,  from  London  yeast  merchant, 

1st  iMay,  1885.  Gas  read  at  the  end  of  five  hours,  65-9 


No.  3.  Compres.sed  Yeast,  B,  5th  May,  1885,  .  .  .  177-8 

No.  4.  Dublin  Patent  Barm,  Gth  IMay,  1885,  .  .  .  83-6 

No.  5.  Ditto,  another  sample,  Gth  May,  1885,  .  .  .  43-2 

No.  G.  Brewers’  Yeast,  A,  7th  INlay,  1885,  .  .  .  98-5 

No.  7.  Compressed  Yeast,  A,  7th  May,  1885,  .  .  .  175-0 

No  8.  Brewers’  Yeast,  A,  14th  May,  1885,  .  .  .  92-0 

No.  9.  Dublin  Patent  Barm,  another  sample,  14th  Ma}-, 

1885, .  178-0 

No.  10.  Dublin  Patent  Barm,  4th  .sample,  14th  INlay,  1885,  44-5 

No.  11.  Dutch  Pressed  Yeast,  from  Dublin,  21st  May,  1885,  171-8 
No.  12.  French  „  ,,  ,,  .  178-6 

No.  13.  Brewers’ Yeast,  A,  29th  May,  1885,  .  .  .  80  3 

No.  14.  Patent  Barm,  from  near  Dublin,  29th  May,  1885,  .  58-3 

No.  15.  Brewers’  Yeast,  A,  11th  .June,  1885,  .  .  .  85-5 

No.  IG.  Brewers’ Yeast,  A,  25th  .June,  1885,  .  .  .  74-8 

No.  17.  Compressed  Yeast,  A,  25th  .June,  1885,  .  .  167-5 


It  will  be  observed  that  the  pressed  yeasts  keep  pretty  uniform  with 
regard  to  gas  evolved.  The  samples  of  the  same  merchant’s  brewers’  yeast 
vary  rather  more,  while  the  patent  barms  e.Khibitwide  ranges  of  difference. 

It  must  not  be  forgotten  in  comparing  these  results  that  a  quarter- 
ounce  of  the  brewers’  and  pressed  yeasts  are  employed  for  each  test, 
while  G  ounces  of  the  patent  yeasts  are  taken.  Thus,  6  ounces  of  No.  10 
produce  44-5  cubic  inches  of  gas,  while  ^  ounce  of  No.  11  produces 
171-8  cubic  inches.  With  fermentation  proceeding  under  e.xactly  the 
same  conditions,  about  ninety  times  as  much  by  weight  of  No.  10  would 
be  reipiired  as  of  No.  11  to  produce  the  same  amount  of  gas. 


375.  Second  Series. 

No.  1.  Compressed  Yeast,  A,  2nd  .July,  1885,  , 

No.  2.  Compressed  Yeast,  B,  ,, 

No.  3.  Compressed  Yeast,  B,  8th  .July,  18S5,  . 

No.  4.  Compressed  Yeast,  A,  14th  .July,  1885, 

No.  5.  Compressed  Yeast,  B,  15th  .July,  1885, 

No.  G.  Coinjjressed  Yeast,  A,  ,, 

No.  7.  Patent  Yeast,  Brighton,  15th  .July,  1885, 
No.  H.  Compressed  Yeast,  B,  24th  July,  1885,  . 

No.  9.  Compressed  Yeast,  A,  ,, 

No.  10.  Brewers’  Yeast,  B,  ,, 

No.  11.  Brewers’ Yeast.  C,  „ 

No.  12.  Scotch  Klour  Bai-m,  ,, 

No.  13.  Patent  Yeast  Brigliton,  24th  .July,  18S5, 
No.  14.  Compn'ssed  Yeast,  B,  29th  September,  1S85, 
No.  15.  Compressed  Yeast,  C,  ,, 

No.  16.  Comja-essed  Yeast,  A,  ,, 


Cubic  inches  of  gffs 
evolved  in  tJ  hours. 

72-0 

9S-0 

93-5 

G2-5 

93-2 

81- 7 
19-G 
95-5 

82- 5 
79-5 
G9-3 
45-4 
27-3 
78-2 


75-5 


60-0 
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No.  17.  Coinjjressecl  Yeast,  15,  Ttli  (Ictolier,  l<SS.o,  .  .  72'S 

No.  18.  Compressed  Yeast,  A,  ,,  .  .  48-4 

No.  19  Compres.sed  Yeast,  D,  7th  October,  1885,  .  .  52-8 

No.  20.  Compressed  Yeast,  15,  8tli  Octolier,  1885,  .  .  65-0 

No.  21.  Compressed  YYast,  15,  soaked  in  water  at  25°  C.  one 

hour  before  testing,  8th  October,  1885,  .  .  72  0 

No.  22.  Compressed  Yeast,  15,  12th  October,  1885,  .  .  81-0 

No.  23.  Com])ressed  Yeast,  B,  14th  October,  1885,  .  .  79'3 

No.  24.  Compressed  Y^east,  A,  „  .  .  49-0 

No.  25.  Compre.ssed  Yeast,  E,  ,,  .  .  42-0 

No.  26.  Compressed  Yeast,  F,  ,,  .  .  34  0 

No.  27.  Compressed  Yea.st,  A,  19th  October,  1885.  Gas 

read  at  the  end  of  three  hours,  .  .  .  .  21 ’2 

No.  28.  Compressed  Yeast,  B,  19th  October,  1885.  Gas 

read  at  the  end  of  three  hours,  ....  35-3 

No.  29.  Compressed  Yeast  A,  20th  October,  1885,  .  .  39‘0 

No.  30.  Compressed  Yeast,  15,  ,,  .  .  78'7 


Tins  series  of  tests  affords  an  opportunity  of  comparing  the  one  yeast 
over  a  considerable  period  of  time.  On  being  subjected  to  such  a  test, 
some  yeasts  are  found  to  behave  very  regularly,  whilst  others  fluctuate 
considerably.  All  yeasts  hitherto  examined  evolve  more  gas  in  summer 
than  in  winter.  This  does  not  depend  on  the  fermentation  being  con¬ 
ducted  at  a  higher  temperature,  because,  in  the  yeast  testing  ajiparatus, 
tlie  fermentation  is  maintained  throughout  at  a  constant  temperature. 
In  order  to  show  the  effect  of  warming  yeast  before  its  u.se.  Nos.  20  and 
21  were  tested  on  the  same  day;  the  only  difference  was  that  the  latter 
sample  was  allowed  to  stand,  mixed  with  water  at  a  temperature  of 
25°  C.,  for  an  hour  Ijefore  being  tested.  The  results  show  that  about 
ten  per  cent,  more  gas  is  evolved  b}’  the  warmed  yeast. 

The  conditions  under  which  the  Scotch  Flour  Barm  was  examined 
were  scarc(dy  fair  to  it,  as  it  was  three  or  four  days  old  when  it  arrived 
here,  and  had  travelled  at  the  very  hottest  part  of  the  summer. 
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CHAPTER  XIIJ. 

PHYSICAL  STRUCTURE  AND  PHYSIOLOGY  OF  THE  WHEAT  GRAIN. 

376.  Functions  of  the  Wheat  Grain. — The  wheat  grain  is 
that  part  of  the  plant  on  which  falls  the  task  of  performing  the 
functions  of  reproduction,  hence  all  its  parts  are  specially  adapti'd  to 
that  purpose.  The  germ,  or  emln-yo,  of  wheat  is  that  portion  of  the 
seed  which  ultimately  develops  into  the  future  plant.  The  main  body 
of  the  grain,  composed  principally  of  starchy  matter,  is  termed  the 
“  endosperm  :  ”  its  function  is  to  .su])ply  the  germ  with  food  during  the 
first  stages  of  its  growth.  Resides  these  there  are  the  various  outer 
and  other  coverings,  destined  for  the  adequate  protection  of  the  seed, 
which  together  constitute  the  bran.  The  physical  sti-ucture  of  the 
wheat  grain  requires  for  its  systematic  study  the  use  of  the  micro¬ 
scope  :  the  descriptions  following  therefore  inchule  practical  directions 
for  microscopic  oliservation.  Tlie  arrangement  adopted  is  that  most 
easily  followed  by  tlie  student  in  a  course  of  actual  microscopic  work. 
For  earlier  studies  it  is  well  to  obtain  from  the  dealer  ready-mounted 
longitudinal  and  vertical  sections  of  a  gi'ain  of  wheat.  In  every  case, 
practise  sketcliing  what  is  seen  :  as  before  stated,  the  acconqianying 
hgures  ai'e  facsimiles  of  those  which  the  student  should  himself  make. 

377.  Longitudinal  Section  of  Whole  Grain. — In  the  first 

place,  examine  the  longitudinal  section  of  the  grain  of  wheat  with  the 
3-in.  objective  ;  the  whole  of  the  grain  will  then  l)e  in  the  Held.  Try, 
in  the  next  })lace,  to  make  a  sketch  of  it.  For  this  jairpose  the  student 
.should  use  a  camera  lucida  if  he  should  possess  one.  Trace  in  the  out¬ 
line  and  (jther  jirincipal  lines  with  a  hard  pencil  ;  then  go  over  them 
with  a  lithographic  pen  and  li()uid  Indian  ink.  It  will  be  inqiossible  to 
get  in  all  the  details;  the  etlbrt  should  be  rather  to  show  what  is 
essential ;  thus  the  object  of  the  sketch  with  the  low  objective  is  to  g(‘t 
an  idea  of  the  general  shape  and  arrangement  of  the  ditlbrent  con¬ 
stituent  parts  of  the  grain.  When  the  drawing  is  complete,  mark 
undei-neath  the  number  of  diametcu's  to  which  it  has  been  magnilied. 

In  Plate  VI.  is  given  a  .section  through  the  crease  of  the  grain, 
which  is  shown  in  elevation  by  shading  on  the  left-hand  side  of  tlu' 
Hgure.  The  whole  of  the  figure  has  been  obtained  by  careful  tracing 
in  the  author’s  laboratory  from  typical  slides,  and  is  thi'oughout  a 
■  faithful  representation  of  the  grain.  Th(^  germ  is  seen  at  tlu;  lowt'r 
lend  of  the  figure,  and  a  fair  idi'a  of  its  sizi*,  eompai'ed  with  that  of  the 
:  endosperm,  which  constitutes  tin?  i-emainder  of  the  grain,  may  b(i 
obtainetl.  Enclosing  both  germ  and  endosperm  is  the  liran.  \\dth 
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tlie  low  power,  wliicli  the  student  lias  been  directed  to  use,  the  square 
cells  of  the  bran  lining  the  interior,  and  known  as  aleurone  cells,  are 
just  visilile.  The  name  commonly  ,i,dven  to  these  is,  by  the  bye,  a  mis¬ 
nomer  ;  they  are  not  “  gluten  ”  cells,  for  the  reason  that  they  contain 
no  gluten.  The  more  minute  examination  of  the  grain  is  best  made  by 
the  aid  of  the  higher  powers,  and  shows  more  of  the  details  flrawn  in 
Plate  VI.,  to  which  reference  is  made  in  the  paragraphs  which  follow. 

The  various  parts  of  the  grain  are  fully  indicated  on  the  [ilate  itself. 

378.  Transverse  Section  of  Wheat  Grain. — Examine  next 
a  transverse  .section  of  a  grain  of  wheat  ;  the  section,  below  tigured, 
Figure  2(S,  was  cut  from  a  grain  of  Kubanka  wheat,  and  passes  through 
the  germ. 


FIG.  28.— TKANS\’ERSE  SECTION  OF  GRAIN  OF  WHEAT,  magnified  13  diameters. 


On  examining  carefully  such  a  section  as  that  shown,  the  pigment- 
containing  cells  are  seen  in  a  line  pas.sing  completely  round  the  grain, 
and  forming  a  thick  spot  of  colour  in  the  creasi*.  Notice  that  the  aleu¬ 
rone  cells  of  till'  bran  do  not  continue  round  the  germ.  Observe  also  as 
much  as  po.ssil)le  of  the  structure  of  the  germ  itself,  anil  the  relative 
dimensions  and  positions  of  germ  and  endosperm. 

Examine  the  same  section  in  the  next  place  with  the  1-inch  objective 
(Fig.  29).  The  outer  .skins  of  the  bran  ari'  here  seen  more  plainly  ;  the 
sipiare  aleurone  or  cerealin  cells  are  also  plainly  visible.  Notice  that  near 
the  bottom  of  the  crease,  tlu'  cells,  instead  of  being  in  single  line,  are  in 
double,  becoming  more  numerous  and  irn'gularly  arranged  as  the  bot¬ 
tom  is  approached.  Tlu*  crease  distinctly  bifurcates  at  tlie  bottom  ;  the 
pigment  layer  of  tlu*  grain  becomi’s  considi'rably  (“iilarged,  and  its  section 
is  si'en  at  thi'  middh*  of  the  fork  as  a  dark  yellow  spot  of  considerable 
size.  With  this  power  the  starch  granules  also  become  visible. 


379.  Section  Cutting  and  Mounting.  -It  has  been  assumed 

that,  for  the  purposes  of  making  thes(>  studies  and  sketch(‘s,  the  student 
has  liad  in  his  jiossession  .sections  that  he  has  jnirchased  ready  mounted, 
lie  will  probalily  at  this  stage  of  his  work  wish  to  pri'pare  and  mount 


Plate  VI. 
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Fic  29.  — VIEW  OF  CRE.vsE  IN  GRAIN  OR  wiiEA'i',  as  shown  in  a  transverse 
section,  magnified  1 10  diameters. 

sections  of  his  own.  Wlieat  in  its  ordinary  state  is  too  brittle  to  per¬ 
mit  of  its  beiiijr  cut  in  thin  sections.  In  the  first  place,  therefore,  soak 
a  few  grains  in  water  for  aliout  twenty-four  hours ;  the  water  may  be 
luke-warm,  say  at  a  temperature  of  80°  to  90°  F.  AVhen  the  grains 
have  become  moderately  soft,  sections  may  be  cut  from  one  of  them. 
For  this  purpose  a  very  sharp  razor,  wliich  has  been  ground  Hat  on  one 
side,  is  generally  used.  Take  one  of  the  grains  between  the  thumb  and 
finger,  cut  otl'  one  end,  and  then  proceed  to  slice  off  sections  as  thin  as 
possible.  Some  little  practice  will  be  necessary  before  they  can  be 
successfully  cut  of  the  requisite  thinness. 

This  opiwation  is  rendered  easier  by  the  use  of  a  section  cutting  table. 
This  little  piece  of  apparatus  consists  of  a  plate  of  brass,  the  surface  of 
which  has  been  turned  perfectly  plane  ;  in  tho  centre  is  ti.vcd  a  tube  con¬ 
taining  a  jiiston,  which  may  be  raised  by  means  of  a  screw.  The  object 
wliose  .section  it  is  wished  to  procure  is  first  cast  into  a  block  of  either 
cocoa  butter  or  solid  parathn.  In  either  case  the  temperature  of  these 
mu.st  only  just  be  raised  to  the  melting  point.  This  block  of  solid 
paraffin  or  other  substance  is  ne.xt  trimmed  down  .so  as  to  go  into  the 
tube  of  the  section  cutting  talile.  Adjust  the  screw  at  the  bottom  so 
that  the  grain  is  in  about  the  right  position,  then  draw  the  razor  across 
the  top  of  the  tube  and  cut  off  the  upper  part  of  the  grain;  screw  up  the 
piston  at  the  bottom  of  the  tube  veiy  slightly,  and  cut  of!' a  section  by 
again  drawing  the  razor  across  the  plane  surface  of  the  table.  In  this 
manner  thin  sections  may  be  cut  with  comparative  ease.  Having  thus 
obtained  the  sections,  wash  them  in  a  little  spirits  of  wine  and  transfer 
to  a  slide.  If  it  is  only  wished  to  e.xamine  them  without  there  bm’ng 
preserved,  they  may  be  mounted  in  a  mi.xture  of  water  and  glycerin  in 
(Hiual  volumes,  prot(*ct(*(l  with  a  cover  sliji,  and  at  onci*  placasl  undi'r 
the  microscope.  AVlum,  however,  it  is  wished  to  make  a  permanent 
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iiu)iint,  the}'  iBny  l>e  einlicdded  in  glycerin  jelly  (Deane’s  niediuin). 
Having  washed  and  prejiared  a  section,  and  also  tlie  slip  and  cover, 
place  a  very  little  of  the  glycerin  jelly  on  the  slide,  warm  very  gently, 
and  the  jelly  hecomes  liijuid.  Place  the  section  carefully  in  the  liquid 
medium,  taking  care  tliat  it  is  thoroughly  immersed.  Remove  all  air 
buhhles,  place  on  the  cover  as  carefully  as  possible,  gently  sijueeze  out 
any  superlluous  medium,  and  allow  to  cool.  The  jelly  will  then  again 
become  solid.  Clean  the  edge  of  the  cover  glass,  and  coat  I’ound  with 
asphalt  varnish. 

380.  The  Germ.-  — The  appearance  and  general  characteristics  of 
the  germ  itself  should  now  be  carefully  studied;  for  this  purpose  use 
the  one-inch  adjective. 

In  Plate  Yl.  the  germ  is  shown  very  distinctly,  and  the  whole  of  its 
parts  named  and  indicated  by  reference  marks.  This  should  be  care¬ 
fully  studied.  Notice  that  the  aleurone  cells  of  the  bran  terminate  at 
the  junction  of  the  endosperm  and  germ,  and  only  the  “testa”  or 
enveloj:)e  of  the  true  seed  encloses  the  emliryo.  The  “])lumule”  is  that 
part  of  the  young  plant  which  penetrates  to  the  surface  during  growth, 
and  then  constitutes  the  growing  stem  and  leaves  of  the  plant.  It 
consists  of  four  rudimentary  leaves  enclosed  within  the  plumule  sheath. 
The  radicle,  or  rootlet,  on  commencing  its  gr<jwth,  forces  its  way 
downward  into  the  earth. 

The  nature  of  the  other  portions  of  the  germ  had  best  be  described 
when  dealing  witli  their  functions  in  connection  with  the  act  of 
germination  (paragraph  38G). 

381.  Endosperm  and  Bran.  Attention  must  next  be  directed 
to  the  structure  of  the  endosperm  and  the  branny  coatings  bj'  which  it 
is  enveloped.  For  tins  purpose  a  veiy  thin  section  should  be  selected 
and  then  e.vamined  under  the  ^-incli  objective. 

T1  le  bran  of  wheat  is  divided  into  the  outer  envelopes  of  the  grain 
and  those  of  the  seed  jiroper.  Following  these  in  the  order  of  the 
letters  given  in  tigure  30  : — 

a — is  the  outer  “  e2)idermis,”  or  “cuticle.”  According  to  ^Icge 
iMourics  this  constitutes  O'")  per  cent.  b_y  weight  of  the  whole  grain. 

1) — is  the  “epicarp,”  and  amounts  to  about  DO  i)er  cent,  of  the  grain. 

r--  -is  the  last  of  the  outer  series  of  the  envelopes  of  the  grain,  and  is 
known  as  the  “  endocaiq).”  It  is  remarkable  for  the  well-detined  round 
cells  of  which  it  is  conq)0.sed.  The  endocarp  amounts  to  D.o  jier  cimt. 
of  the  grain. 

— is  the  lirst  of  the  envelo})e.s  of  the  seed  propi-r  ;  it  is  that  to  which 
referimcu^  has  alrisidy  becui  made'  as  the*  “  testa  ;  ”  it  has  also  recei\'ed  the 
name  of  “  episperm.”  The  colouring  matter  of  the  bran  occurs  jiriuci- 
pally  in  tin*  episiu-i'm. 

c — is  a  thin  membrane  lying  underneath  the  ti'sta,  and  einelojiing 
the  aleurone  cells.  This  membrane  and  tlu'  testa  togetlau'  form  two  jier 
cent,  of  the  grain. 

/  -is  the  layei-  of  “aleurone”  cells,  so  called  from  the  proteid  of 
that  naiiH'  which  they  contain.  As  may  be  s(>en  from  tlu'  tigure,  the 
cells  are  almost  sipiare  in  outline  ;  oiu;  is  at  time's  rt'iilaced  by  two  les.scr 
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ones  as  occurs  innnediately  al.ove  the  cell/  Notice  particularly  that 
this  layer  does  not  envelop  the  germ,  but  <mly  encloses  the  endosperm, 
repre.sents  the  layer  of  parenchymatous  cellulose  by  which  the 

SairJ  “*'■  S'--'-. 

h — shows  the  “ 

In 


liilum  of  an  individual  starch  granuh". 

i>i'’P«tigf-tions  of  the  ap])earance, 


vievw.  >  ‘uvestigations  of  the  appi-arance,  when 

undei  the  microscope,  of  the  vai-ious  coatings  of  the  wheat  grain, 
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it  is  not  only  iiecossnry  to  exiunine  tliese  skins  in  section,  but  also,  so 
far  as  possilde,  as  seen  on  tlie  Hat.  The  Ijran  of  wheat  can  he  split  up 
with  coinj)arative  ease  into  three  layers,  whicli  can  1)6  successively  {X'eled 
otrfroni  the  eiulosperin.  The  first  of  these  consists  of  the  epidermis,  or 
cuticle,  and  also  ei)icarp.  Following  these  are  the  endocarp  and  epi- 
sperm,  which  usually  peel  oil  together.  The  inner  and  last  skin  consists 
of  that  containing  the  cerealin  cells. 

Take  a  few  grains  of  soft  red  wheat  and  soak  them  for  a  few  hours  in 
warm  water  ;  when  they  are  sulhciently  softened,  take  one,  and  with  a 
line  pair  of  forceps  strip  off  tin*  outer  skin  and  })lace  it  in  a  watch  glass. 
When  the  whole  of  the  outer  skin  has  thus  been  removed,  carefully 
strip  off  the  middle  layer  in  the  same  manner,  and  also  reserve  it  for 
examination.  The  division  of  the  inner  layer  from  the  endosj)erm  is 
often  oidy  accomplished  with  difficulty  ;  in  case  they  do  not  separate 
well,  let  the  grain  soak  some  time  longer. 

Next  proceed  to  e.xamine  these  several  coatings.  Mount  each  on  a 
slide  in  a  drop  of  water  (or  preferabh',  when  wished  to  examine  the 
mount  for  some  time,  in  a  drop  of  glycerin),  so  that  it  is  j)ractically 
freed  from  bubbles,  and  lying  Hat  and  without  creases.  Put  on  a  glass 
cover  and  jjress  gently  down.  Examine  with  either  a  cjuarter  or  eighth- 
of-an-inch  objective. 


FIG.  31.— OUTER  EAVEK  OF  THE  BRAN  OF  WHEAT,  magnified  250  diameters. 

Observe  in  the  outer  layt'r  that  it  consists  of  a  series  of  cells,  some 
four  to  six  times  tong  as  broad,  and  tirranged  longitudinally  in  the 
direction  of  the  length  of  the  grain.  A  portion  of  the  outer  Itiyer  is 
shown  in  tigure  HI.  Notice  at  the  one  end  (of  the  actual  section,  not 
the  tigure)  tlie  beard  of  tlu'  grain,  and  note  particularly  the  attach¬ 
ment  ”)f  each  hair  to  tin*  skin  (the  root).  Observe  also  the  canal 
extending  about  half  the  lengtli  of  the  hair.  Figure  32  is  a  drawing 
of  such  hairs. 
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FIG.  32. — BEARD  OF  GRAIN  OF  WHEAT. 

Ne.xt  ol)sorve  the  fippeanince  of  the  second  layer  of  skin  that  has 
been  detached  ;  this  is  shown  in  tigure  33. 


FIG.  33. — MIDDLE  LAYER  OF  THE  BRAN  OF  WHEAT,  maj^nificd  250  diameters. 

In  this  will  he  seen  two  layers  of  cells  that  are  not  both  in  focus  at 
the  .same  time,  the  one  layer  being,  in  fact,  underneath  the  other. 
There  are  in  the  first  jilace  a  sei'ies  of  long  cells  arranged  transversely 
to  the  longitudinal  section  of  bran  shown  in  figure  30,  where  they  are 
mark(*d  c.  Uecause  they  are  thus  tirranged  around  the  grtiiu  of  whetit 
they  are  frequently  termed  “  girdle  ”  cells.  The  great  dill'ereiice  between 
looking  at  the  same  thing  in  one  direction  and  then  in  another  is 
strongly  exemplified  in  this  study  of  these  particular  cells  in  ])lan  and 
in  section.  An  instructive  le.sson  may  be  gaiueil  by  comparing  the 
section  illustrated  in  figure  30  with  a  similar  section  cut  transversely 
instead  of  longitudinally.  .Such  a  section  is  given  latter  in  the  .series. 
The  colour-containing  cells  underlie  those  to  which  refiu'cnce  has  just, 
been  made. 

In  the  next  place  examine  the  inner,  or  aUmrone  cell,  layer  of  the 
bran. 
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KIG.  34.  —  INNER  OR  AI.EURONE  LAYER  OF  THE  BRAN  OF  WHEAT,  magnified 

440  diameters. 

The  alenrone  or  cerealin  cells  of  the  bran  are  often  referred  to  as  heins; 
cubical;  tliat  this,  however,  is  not  the  fact  is  well  shown  in  tigure  34. 
Tliey  certainly  h;ive  ii  squiire  or  rectangular  outline  when  seen  in  section, 
w'hether  longitudinal  or  transverse,  but  the  skin,  viewed  on  the  Hat  sur¬ 
face,  shows  that  the  cells  are  irregular  in  outline,  each  acconnnodating 
its  contour  to  that  of  those  surrounding. 

There  follows  a  sketch  of  the  transverse  section  through  the  bran  of 
wlieat ;  this  should  be  carefully  compared  with  the  longitudinal  section, 
tigure  30. 


FIG.  35.— TRANSVERSE  SECTION  THROUGH  BRAN  OF  WHEAT,  magnilicd  25O 

diameters. 

The  actual  .section  from  which  this  drawing  has  been  made  is  not  so 
good  a  one  as  the  longitudinal  section,  from  which  tigure  42  was  drawn. 
Viewed  with  a  moderately  high  power  it  is  diflicult  to  get  very  much  of 
the  thickness  of  the  section  in  focus  at  the  same  time;  still  sullicient  is 
notic(‘d,  on  careful  observation,  to  show  the  gt'iieral  structure  of  the 
bran.  The  outline  of  the  aleurone  cells  is  more  irregular  than  was  the 
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case  in  the  lon,<j;itu(linal  .section  ;  they  are  also  notici'd  to  Ik',  in  several 
instances,  overlappin<f  eacli  other.  LookiiijL?  at  the  cells  of  the  nhcldle 
skin  of  the  bran  they  are  seen  to  be  of  consideralile  lenjL^th,  justifyiinr 
the  remarks  made  about  them  when  studying  their  appearance  as  seen 
on  the  Hat.  While,  however,  these  middle  cells  are  seen  lengthwise,  it 
follows  of  necessity  that  the  ends  of  the  cells  of  the  outer  skin  must  be 
presented  to  the  eye.  This  sketch,  taken  with  the  other.s,  gives  a  tolerably 
complete  idea  of  the  microscopical  structure  of  a  grain  of  wheat. 

A  careful  study  of  these  sections  of  the  wheat  grain  and  of  the  various 
layers  into  which  the  bran  can  be  divided  should  give  the  miller  in 
particular  a  clearer  and  more  real  idea  than  he  can  otherwise  have  of 
the  nature  of  these  outer  integuments  of  the  wheat  grain,  which  it 
should  be  his  object  to  remove.  The  study  should  not  merely  be  con¬ 
fined  to  the  drawings  given  in  this  work,  but  should  extend  to  the 
actual  slides  them.selves  under  the  microscope. 

382.  Bran  Cellulose.  —The  bran  of  wheat  consists  largely,  as  is 
well-known,  of  cellulose  or  woody  fibre,  together  with  a  considerable, 
proportion  of  soluble  albuminous  matter.  Cellulose  may  be  obtained  in 
cl  faiily  pure  state  by  alternate  treatment  with  hot  dilute  solutions  of 
acid  and  alkali.  I  he  actual  structure  of  the  cellulose  of  the  difl’erent 
layers  of  the  bran  possesses  considerable  interest,  and  may  be  studied  in 
the  following  manner Strip  off  the  different  Layers  of  skin  as  before 
diiected,  put  pieces  of  each  in  a  separate  test-tube,  and  first  digest  for 
an  hour  with  dilute  suliHiuric  acid  ;  pour  off  the  acid,  and  dige.st  with 
caustic  soda  solution  for  another  hour.  IVIake  up  solutions  of  1  part 
respectively  of  acid  and  alkali,  and  20  parts  of  water.  Wash  the 
resulting  cellulose,  and  mount  carefully  on  a  glass  slide  :  examine  under 
the  microscope. 


no.  36.  CEi.i.ui.osE  OF  OUTER  SKIN  OF  liKAN,  magnified  250  diamelors. 

This  is  rendered  almost  transparent,  and  pre.sents  no  strikin'’' 
differences  in  structure  from  the  original  skin.  ^ 
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FIG.  37. — CELLULOSE  OF  MIDDLE  SKIX  OF  I!KAX,  magnified  250  diameters. 

In  this  again  the  reseniljlance  to  tlie  skin  Ijefore  treatment  is  very 
noticeable.  One  special  point  of  interest  occurs  in  this  drawing ;  the 
two  layers  of  cells  to  which  reference  was  made  when  previously  speak¬ 
ing  of  the  apj^earance  of  this  layer  have  become  separated.  The  ujiper 
cells  extend  over  the  whole  Held,  while  the  lower  or  pigment  layer  is 
stripped  from  the  one  j^ortion.  The  result  is  that  the  distinction 
between  the  two  is  seen  very  clearly. 

As  the  aleurone  layer  or  inner  skin  of  the  bran  contains  so  large  a 


FKL  3S. — CELLULOSE  OF  ALEUKON'E  LAYER  OF  liUAN,  with  portion  of  proteid 
remaining,  magnified  440  diameters. 
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(luantity  of  proteid  inatU'f,  it  will  readily  be  iiiuiuined  that  treatment 
with  alkali  will  cause  eonsiderahle  (liti'erenco  in  its  appearance. 

In  tillin'  dS  such  a  sjiecimeii  is  shown;  it  will  hi'  noticed  that  a 
portion  only  of  the  proteid  remains,  the  greater  part  having  been  re¬ 
moved  by  the  action  of  the  caustic  soda. 


Fic.  39.  —  CEi.i.ui.osE  OF  Ai.p:uKO.NE  L.WER  OF  ))R.\x,  with  only  the  slightest  trace  of 
proteid  still  remaining  in  some  of  the  cells,  magnified  440  diameters. 

This  figure  shows  in  most  striking  fa.shion  how  small  a  proportion  of 
the  interior  layer  consists  actually  of  cellulose.  Reviewing  the  whole 
three  layers,  one  finds  that  the  outer  one  is  largely  composed  of  cellulose, 
and  consequently  is  condemned  as  tin  article  of  human  food,  even  by  the 
Rread  Reform  League.  The  middle  layer  contains  le.ss  cellulose,  but 
contains  a  higher  proportion  of  colouring  matter.  The  projtortion  of 
cellulose  in  the  inner  layer  is  still  less,  but  the  amount  of  proteid  is 
high.  This  jjroteid  body  is  injurious  to  the  flour,  inasmuch  as  it  exerts 
considerable  action  on  brokeii  starch  granules.  There  are  therefore 
cogent  reasons  for  the  non-admission  of  any  part  of  the  bran  into  tlu^ 
Hour. 

383.  Cellulose  of  Endosperm. — On  taking  a  grain  of  wheat 
and  carefully  cutting  off  the  bran  so  as  to  have  a  jiicice  of  the  endospei'ui 
only,  and  treating  this  interior  ])ortion  of  the  grain  with  acid  and  alkali, 
a  trace  <jf  cellulose  is  obtained  whicb  shows  no  distinctive  organisation 
under  the  microscope.  The  student  will  do  well  to  verify  this  fact  foi- 
himself.  Let  him  also  tri'at  small  (juantities  of  dilhu’ent  varieties  of 
Hour  in  a  similar  fashion,  and  examine  the  remaining  cellulose.  Such  an 
inspection  is  calculattal  to  teach  much  concerning  the  success  of  tin* 
opcnation  of  milling.  He  will  be  able  to  see  whetheror  not  the  numbcn- 
of  small  particles  of  liran  in  the  Hour  is  large.  IR^  will  also  learn 
whether  oi‘  not  the  bran  itself  is  intact,  or  whetlier  portions  of  oiu^  oi‘ 
other  of  the  surfaces  have  been  removed  and  ground  up  into  the  Hour. 
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PHYSIOLOGY  OF  GRAIN  LIFE. 

384.  Protoplasm.-- In  e.xiilaininif  the  nature  of  yea.st,  Cliapter 
IX.,  reference  lias  already  been  made  to  the  fact  that  the  interior  of 
the  cells  is  tilled  with  “  iirotoplasni,”  and  that  this  material  is  the 
“  ultimate  form  of  organic  matter  of  which  the  cells  of  jilants  and 
animals  are  ccjmposed.”  Protoplasm  has  also  been  detined  as  the 
“  physical  basis  of  life,”  and  for  that  reason  merits  in  this  place  some 
little  examination.  Yeast  may  be  viewed  as  an  unicellular  plant, 
whereas  wheat  and  the  higher  plants  generally  are  multicellular  in 
nature,  so  that  yeast  serves  as  an  introduction  to  their  study.  From 
what  has  been  already  descrilied  of  the  life-histoiy  of  yea.st,  the  follow¬ 
ing  conclusions  as  to  the  nature  of  its  ])rotoplasm  may  be  drawn 
First,  that  protoplasm  is  the  seat  of  those  chemical  changes  which  are 
inseparable  from  the  life  of  the  organism.  Such  chemical  changes, 
collectively,  are  termed  the  metabolism  of  the  organism. 
Those  ])rocesses  which  go  to  the  building  up  of  more  complex  chemical 
compounds  are  termed  constructive  metabolic  processes,  while 
those  in  which  comj)lex  comj)ounds  are  brokiui  down  into  simpler  com¬ 
pounds  or  elements  an*  termed  destructive  metabolic  processes. 
Vines  classifies  the  fundamental  properties  of  the  protojdasm  of  the 
yeast  plant  as  follows  : — 

“1.  It  is  absorptive,  in  that  it  is  capable  of  taking  up  into  itself 
the  substances  which  constitute  its  food. 

“  2.  It  is  metabolic,  in  that  it  is  cajiabh*  of  building  up  from  the 
relatively  simple  chemical  molecules  of  its  food  the  conqilex 
chemical  molecules  of  the  organic  substances  present  in  the 
cell  ;  and  in  that  it  is  capable  of  decomposing  the  complex 
molecules  of  these  substances  into  others  of  simpler  com¬ 
position. 

“  3.  It  is  excretory,  in  that  it  gives  off  certain  of  the  products  of 
its  desti’uctive  metabolism. 

“  4.  It  is  7-eproditctive,  in  that  portions  of  it  can  become  separate 
from  the  remainder,  and  lead  an  indej)endent  exist(*nce  as 
distinct  individuals.” 

The  ])rotoplasm  of  certain  more  highly  organised  unicellular  plants 
have,  in  addition,  other  distinct  properties,  such  as  cont>  actibility,  irrit¬ 
ability,  lire.  In  the  lower  multicellular  plants  all  the  cells  aiipear  to 
be  exactly  alike,  but  in  most  the  constituent  cells  vary  and  have  special 
functions  allotted  to  them  :  such  groups  or  arrangements  of  cells  con- 
stitutc'  what  is  known  as  an  organ.  Thus,  certain  cells  are  absorptive 
in  their  nature,  while*  othei’s  an*  excretory  :  others,  again,  are  charged 
with  the  functions  of  reproduction,  and  these  are  known  as  the*  n*- 
jeroductory  organs.  The*  .seed  or  grain  of  wheat  is  one  of  the  most 
important  among  the.se  latter,  and  it  is  only  such  otlu*r  functions  of  the* 
])lant  as  are  directly  associated  with  .seed  life  that  can  be  touched  on 
in  this  ))lace. 

Lik(^  oth(*r  parts  of  plants,  the  .seed  is  built  up  of  })arenchymatous  cells 
containing  modiiled  protoplasm,  which  consists  of  a  series  of  nu*sh(*s  or 
net-work  enclosing  within  lh(*m,  in  the  ripe  seed,  grains  of  starch.  The 
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net-work  portion  is  coinjiosed  of  proteids,  nnd  of  tliose  :in  oxlniustivi* 
description  has  already  been  j;iven.  The  insoluble  proteids  constitutt* 
what  Keinke  named  the  plastin  of  the  cell,  while  the  more  soluble 
portions  are  \\\ii  globulins  and  peptones  :  of  which  latter,  seeds  usually 
contain  considerable  quantities.  The  ])lastin  is  jirohahly  the  or<fanised 
)n'otoplasm  of  the  cell,  while  the  globulins  and  peptones  are  unorganised 
or  dead  protoplasm.  The  higher  plants,  such  as  the  cereals,  contain  in 
certain  of  their  cells  ditrerentiated  lu-otoplasmic  bodies,  which  may 
contain  colouring  matter,  in  which  case  they  are  known  as  chlorophyll- 
<s\'  etiolin-corpuscles  :  or  the}^  may  he  colourless,  in  which  case  they  are 
starch-forniing  corpuscles  or  aniyloplasts. 

385.  Constructive  Metabolism  of  Plants. — The  roots  serve 
as  the  absorbing  medium  through  which  the  plant  obtains  water  and 
substances  which  may  be  in  solution  in  water.  From  the  atmosphere 
plants  absorb  carbon  dioxide.  INIucli  of  the  oxygen  of  this  carbon 
dioxide  is  returned  to  the  atmosphere  in  the  free  state,  the  carbon 
being  used  in  the  constructive  metabolism  of  the  plant.  In  addition 
to  the  carbon  dioxide  and  water,  the  plant  has  at  its  disposal  for  meta¬ 
bolic  piu’poses  salts  containing  nitrogen  and  sulphur. 

A  most  important  point  in  the  study  of  metabolism  is  that  the 
assimilation  of  carbon  from  carbon  dioxide  is  confined  to  those  portions 
of  plants  which  contain  green  colouring  matter  (or  closely  allied  matter 
to  be  subsequently  described).  Furtiier,  the  decomposition  of  carbon 
dioxide  can  only  take  place  in  the  presence  of  light.  On  tieating 
green  leaves  of  jilants  with  alcohol,  the  green  ccdouring  matter  is  dis- 
.solved  out,  and  has  received  the  name  of  chlorophyll.  Within  the 
leaves  this  chlorophyll  exists  in  cells  or  cori)UScles  known  as  chlorophyll- 
cor})Uscles,  the  chloroiihyll  itself  ha^■ing  ap])arently  a  similar  composition 
to  other  protoplasm.  Etiolated  plants-  that  is,  plants  grown  in  the 
absence  of  light — contain  corpuscles  in  which  the  colouring  matter  is 
yellow,  not  green  ;  this  matter  has  received  the  name  of  etiolin,  and  is 
doubtless  closely  allied  to  chloroj>hyll  in  properties.  On  exposure  to 
light,  the  etiolin  corpirscles  absorb  carbon  dioxide  and  exhale  ox3\gen, 
the  etiolin  being  converted  into  chloroph\-il.  Investigation  of  a  most 
careful  and  exhaustive  nature  demonstrates  that  the  absorption  of 
carbon  dioxide  and  exhalation  of  oxygen,  with  the  formation 
de  novo  of  organic  matter  in  plants,  is  essentially  a  function 
of  chlorophyll  (including  etiolin),  and  cannot  occur  in  its 
absence. 

but  little  can  be  stated  })ositively  as  t<i  the  exact  nature  of  the 
chemical  changes  induci'd  by  chlorojthyll,  but  they  maj’  be  summed  up 
in  the  statement  that  it  pi'oduces,  ly  synthesis,  proteid  mattiu’.  The 
tii'st  step  is  probabl}'  the  formation,  from  carbon,  hydrogen,  and  oxygen, 
of  coiiq)iiratively  sinq)le  substances,  such,  jierhaps,  as  formic  aldeliyde, 
Cll.^t)  (the  simplest  possible  carbo-hydrate),  and  its  polynau's.  ((llucose 
iind  other  of  th<*  higher  carbo-hydi'ates  ma}'  be  viewi'd  as  polynu'rs  of 
formic  aldehyde,  thus  GCI 1./ )  =  C„1 1  ,.1 ),;,  glucose.)  Tlu‘  lu'xt  iqiward 
step  might  hi*  the  ja'oduction  of  nitrogenous  substances  of  tlu^  amidi' 
type  (asparagin,  it’c.),  and  tinaJl^',  by  further  .svidlu'sis,  tlu'  still  more 
complex  proteids.  Itill'erences  of  opinion  (exist  as  to  the  manner  in 
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wliich  stai’ch  is  formed  l)y  tlie  plant — tliere  is  first  the  observed  fact 
that  tlie  cldoropliyll  coi'})iiscles  of  a  ,i;ro\ving  jilant  exposed  to  liglit 
contain  starch  grains,  and  tliat  these  disaj)pear  during  darkness. 
Vines  is  of  opinion  tliat  “  tlie  starch  which  makes  its  appearance  in 
the  chlorophyll-corpuscles,  when  constructive  inetaholism  is  in  active 
operntion,  is  not  the  first  product  of  the  synthetic  jirocesses,  hut  only 
an  indirect  jiroduct  :  jirotojilasni  is  the  substance  which  is  formed  in 
the  chlorophyll-corpuscles,  and  it  is  only  in  consequence  of  the  deconi- 
jiosition  of  the  protoplasm  formed  that  starcli  is  produced.”  Tn  a  paper 
contributed  to  the  Journal  of  the  Chemical  Society,  in  LSQJ,  by  Brown 
and  INIorris,  these  chemists  advance  th(‘  view  that  cane  sugar  is  first 
formed  as  an  uji-grade  jiroduct  of  constructive  metabolism,  and  that 
the  starch  is  formed  within  the  chlorophyll-corjuiscles  from  this  com¬ 
pound.  There  is  proof  that  proteid  matter  is  cajiable  of  being  so  de¬ 
composed  as  to  result  in  the  splitting  oft’  of  a  carbohydrati*  molecule 
from  its  .sub.stance,  as  in  the  production,  for  example,  of  the  cellulose 
cell-wall  of  yeast  from  its  protoplasm.^  On  the  other  hand.  Brown  and 
.Morris  have  shown  that  the  chloroplasts  of  the  leaf  can  form  starch 
when  fed  directly  with  cane-sugai-  solution,  and  claim  that  ‘Oioth  under 
tlie  natural  conditions  of  assimilation  and  the  artificial  conditions  of 
nutrition  with  sugar  solutions,  the  chloroplasts  form  their  included 
starch  from  antecedent  sugar.”  However,  in  whatever  manner  formed, 
chlorophyll  causes,  in  the.  presence  of  light,  the  production  both  of  pro- 
teids  and  carbohydrates,  including  starch,  within  the  leaf.  The  final 
process  of  constructive  metabolism  is  the  conversion  of  dead  jiroteid 
matter  into  living  organised  ])rotoplasm  ;  but  our  knowledge  of  the 
dift'erence  between  the.se  is  veiy  slight.  Vines  points  out  “that  the 
primordial  utricle  of  dead  cells  readily  allows  of  the  passage  into  it 
and  through  it  of  substances  which  could  not  enter  or  pass  thi'ough  it 
in  life.  This  is  in  accordance  with  the  well-known  fact  that  it  is  im- 
l)ossible  to  stain  living  protoplasm  ;  it  is  when  protoiilasm  is  dead  that 
colouring  matters  can  jMuietrate  into  it.” 

Jlaving  traced  the  synthesis  of  protoplasm  and  other  organic  matt(*r 
in  th(^  leaf,  the  next  pi-obhmi  is  the  mode  of  thi'ir  translocation  or  trans¬ 
ference  to  other  parts  of  the  plant.  Brown  and  Morris  have  proved 
the  existence  in  leaves  of  a  diastase,  which  they  term  leaf  diastase,  or 
“  traii.slocation  diasta.s(‘,”  from  its  functions  as  an  agent  in  the  trans¬ 
location  of  chloro])hyll  products.  They  show  that  by  the  agency  of 
this  diastase  tlu^  starch  (which  during  darkness  di.sajipeai'S  from  tlu* 
chlorophyll  corpusch's  of  the  leaves)  is  converted  into  maltose.  They 
further  are  of  ojiinion  that  tlu'  cane-sugai-  which  the  l(‘av(>s  may  con¬ 
tain  is  converted  into  dextrose  and  la'vulos(‘.  Probably  also  the  pro- 
teids  are,  changed  by  analagous  processes  into  ptqitones,  and  from  these 
into  amidi'S,  in  which  foim  the  nitrogenous  organic  substances  an* 
most  likely  distiibuted  through  the  plant.  The  diasta.se  and  ]irot<‘0- 
lytic  enzymes,  then,  iiour  into  the  various  ve.ssi'ls  of  tlu*  i)lant  a  solution 
of  maltos(>,  (hnxti'o.se,  kevulo.se,  and  peptoiu'S  and  amide.s.  Thest'  art' 


'  I'iivy,  ill  some-  recent  inve.stigations  of  tlie  eheiiiieiil  iiatliolosy  of  iliabetes,  shows 
that  glucose  may  lie  formed  from  proteids  during  human  digestion. 
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cai'i’iecl  to  the  new  parts  of  plants  for  tlie  jnirjiose  of  forming  buds, 
routs,  il’c.,  and  to  the  seed  portion,  tliere  to  be  stored  up  as  provision 
for  the  young  plant  during  its  first  stages  of  growth,  and  before  able 
to  obtain  nutriment  b\'  the  action  of  its  own  chlorophyll. 

The  physical  stiaicture  of  the  wheat  seed  or  grain  has  been  already 
described,  the  embiyo  of  the  plant  being  at  the  lower  end,  near  where 
the  seed  is  attached  to  the  ear,  and  the  upper  portion  being  the  endo¬ 
sperm,  the  whole  being  enclosed  within  the  cuticle  known  as  bran.  Of 
the  formation  of  the  seed  as  the  plant  grows,  we  cannot  here  speak  ; 
but  assuming  the  seed  to  have  formed  its  outer  envelope,  it  befoi'e 
ripening  is  found,  on  examination,  to  be  full  of  a  milky  looking  fluid, 
which  consists  of  the  sap  which  is  being  su])})lied  by  the  ve.ssels  of  the 
plant. 

Within  the  seed  a  synthetical  jirocess  proceeds,  by  which  is  caused 
the  formation  of  proteid  matter  from  the  sugar  and  amides  supplied  by 
the  sajL  From  this  is  derived  the  starch  of  starchy  seeds,  while  the 
residuum  of  the  jn-oteid  forms  what  arc*  known  as  a/enrone-^rains. 
Vines  points  out  that  comparatively  little  is  known  of  the  manner  in 
which  starch  is  formed  in  seeds,  but  it  is  assumed  that  it  is  produced 
in  the  same  way  as  in  other  parts  of  the  plant.  Schimper  has  observed 
that  in  the  parts  of  the  plant  not  exposed  to  light,  the  formation  of 
starch  is  effected  by  certain  specialised  portions  of  the  protoplasm, 
which  are  termed  starch-foDuing  corpuscles  or  aniyloplasts.  These  amy- 
loplasts  resemble  in  nature  the  chlorophyll  corpuscles  or  chloroplasfs, 
and  act  liy  conversion  of  jirotoplasm,  from  which  the  starch-molecule  is 
cleaved  off  by  decomposition.  They  differ,  in  that  aniyloplasts  act  in 
the  absence  of  light,  and  can  only  commence  the  iiroduction  of  starch 
from  comparatively  complex  substance.s,  whereas  chlorophyll  corjmscles 

synthesise  this  body  from  simple  inorganic 
compounds.  The  grains  of  starch  as  at 
first  formed  are  very  minute,  but  gi’ow  by 
deposition  of  further  starchy  matter,  such 
growth  continuing  either  within  the  amy- 
lo])last,  or  frequently  outside  it,  the  latter 
being  the  case  in  the  wheat  grain.  The 
mark  on  the  starch  corjaisclo  known  as 
the  hilmn  indicates  the  point  of  first 
growth  in  an  externally  formed  starch 
grain,  and  is  gi’adually  separated  from 
the  amylojilast  by  the  (hquisit  of  more 
starch  in  stratified  layers,  finally  heaving 
of  the  longer  axis  of  the  ovoid  starch 

corj)uscle. 

After  the  sejiaration  of  the  stai’ch,  thei'i*  remains  behind  in  tlu'  seed 
a  small  pro])ortion  of  sugar  ;  part  of  which  consists  of  sucrose,  and  is 
jirobably  an  up-grade  sugar,  and  the  remaindei’  of  glucose  or  allied 
sugar  produced  by  the  subserjuent  (h'gradatinn  of  the  cane  sugar.  In 
some  si'cds  the  non-niti'ogenous  mattru-  is  storcsl  up  as  oil  instead  of 
starch — com])ai’ativeIy  little  fatty  matter  is  pir'simt,  liowe\'er,  in  wlasit, 
except  in  the  embi-yo  itself. 


Fin.  40.— GKOUr  OK  ,.\MVl.f)- 
ri.Asi  s. 

the  hilum  at  the  far  end 
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The  residual  matter  of  tlie  |)roto])lasu),  after  tlie  separation  of  starch, 
is  stored  uj)  in  tlie  form  of  small  granules,  known  as  aleurone-grains. 
These  form  the  matri.x  in  which  the  starch  grains  are  imhedded,  and 
constitute  the  proteid  matter  of  tlie  endosperm.  The  .series  of  cuhoidal 
cells  forming  the  interior  layer  of  the  bran  are  also  tilled  with  aleurone, 
and  have  tlie  name  alein'O/ie-layer. 

During  the  growth  of  the  seed  from  the  milky  stage  before  referred 
to,  the  sap  continues  to  bring  supjilies  of  maltose  and  nitrogenous 
matters,  which  undergo  the  constructive  metabolic  process  just  de¬ 
scribed  ;  while  under  the  inHuence  of  a  ripening  sun  the  water  is 
evaporated.  Gradually  the  contents  of  the  seed  acfpiire  a  tinner  con¬ 
sistency,  until  at  last  the  solid  ripened  grain  of  wheat  is  produced.  In 
this  condition  the  si^ed  is  in  a  resting  stage,  and  may  without  injury  be 
subjected  to  desiccation  and  e.xtremes  of  temperature,  which  would  be 
fatal  were  it  in  its  active  state.  Under  the  influence  of  moisture  and 
warmth,  active  changes  are  set  up  in  the  re.sting  seed,  and  the  de¬ 
velopment  of  the  new  plant  comniences. 

386.  GermiDation  of  Wheat  and  Barley. — In  order  to 
understand  the  jihenomena  of  germination,  reference  should  at  this 
stage  be  made  to  the  section  of  the  wheat  germ  given  in  Plate  YI. 
Although  in  the  resting  stage  the  wheat  germ  contains  no  starch,  yet 
within  twenty -four  hours  of  the  seed  Ixuiig  kept  in  a  moist  state,  starch 
is  found  in  abundance  within  the  germ,  although  no  alteration  has 
occurred  in  the  endosperm,  being  doubtless  })roduced  by  dissociation  of 
the  j)rf)toplasni  of  the  embryo.  This  is  followed  by  an  elongation  of 
the  radide,  which  at  this  stage  contains  starch,  as  do  also  the  leaves  of 
the  ])lumule.  The  j)lumule,  with  its  further  growth,  first  bursts  through 
the  envelope,  and  finds  it.self  in  contact  with  the  “  pericarp,’’  or  outer 
skin  of  the  grain  (enveloping  the  testa).  The  pc'ricarp  is  ne.xt  ruptui'ed, 
and  the  growth  of  the  jiluniule  jiroceeds  outside,  the  grain.  On  looking 
at  the  figure  t)f  the  germ  (or,  still  better,  an  actual  section  under  the 
microscope),  tlau'e  will  be  noticed  a  series  of  (dongated  cells,  con¬ 
stituting  what  is  known  as  the  .■  between  this  and  the  (uido- 

sperm  is  a  series  of  cells  of  anothiu-  type,  arranged  with  their  longest 
diameters  directed  toward  the  endospeini  ;  these  latter  form  what  is 
called  the  al)sorj)tive  and  secretive  epitheliuin.  At  the  time  when  the 
radicle  breaks  through  its  sheath,  the  cells  of  the  scutellum  lying  next 
the  epithelium  begin  to  show  starch  granules,  which  gradually  ptuwade 
the  ti.ssue  of  the  germ  :  these  may  be  taken  as  the  fii'st  indication  of 
the  passage  of  reserve  material  from  the  (‘iidosperm  to  the  germ,  while 
tlu'  epithelium  is  n'garded  as  the  ab.sorpti\e  contri^■ance  by  which  the 
germ  thus  derives  sustenance  from  the,  endosperm.  The  lirst  visible* 
effect  on  the  endosperm  is  the,  breaking  down  of  the  parenchymatous 
cell-walls,  and  following  on  this  we  have  the  standi  corimscles  attacked. 
There  are,  in  the  lirst  place,  minute  pittings  on  the  surface  of  the 
grains  of  starch,  which  inert'ase*  both  in  size*  anil  numbe“r  until  the* 
whole  greinule  is  comph*tely  ilissolve*d,  with  the*  formation  of  maltose. 
The  elissolution  anel  assimilation  of  the*  starch  of  the*  t'nele)spe*rm  j>re)- 
ceeels  graelually,  the*  more  remote  peirts  be*ing  hist  to  sulfe'r  attack. 
The  proti“iel  matte*)'  of  the  e*ndospe*i'm  is  at  the  sjime*  time  convei'te*)! 
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into  peptone,  ivnd  probably  amides,  by  a  proteolytic  enzyme.  l>y  means 
of  the  epithelium,  these  are  transferred  to  the  f,n-uwinjf  plant.  Tin' 
aleurone  cells  of  the  bran  show  no  signs  of  change  until  the  reserve 
starch  is  nearly  exhausted,  when  the}'  begin  to  suHer  attack,  the  cell- 
walls  undergoing  dissolution.  Doubtless  the  function  of  the  aleuronc' 
<-ells  is  to  provide  proteid  nutriment  for  the  plant  at  a  comparatively 
late  stage  of  its  growth,  hence  the  highly  resistant  cell-walls.  In  their 
researches  on  tlie  Gennination  of  the  Gramince,  Drown  and  INIorris 
demonstrate  that  the  epithelium  of  the  germ  .secretes  diastase  during 
germination,  and  this  is  the  agent  of  transformation  of  the  contents  of 
the  endosperm.  They  also,  as  has  been  previously  mentioned,  havi' 
shown  that  the  diastasis  of  germinating  grain  is  cyto-hydrolytic  (cellulose 
dissolving)  as  well  as  amvlo-liydrolytic.  They  consider  the  former  action 
to  be  due  to  a  distinct  and  separate  enzyme  from  diastase  proper,  and 
that  it  also  is  secreted  by  the  epithelium. 

Two  varieties  of  diastase  have  been  described  in  the  chapter  on 
Enzymes,  that  from  raw  grain,  and  ordinary  or  malt  diastase — the 
former  is  proliably  identical  with  the  diastase  of  translocation,  by 
which  the  starch  of  the  chloroplasts  is  converted  into  sugar  ;  while  tlie 
latter  is  essentially  a  diastase  of  germination,  and  is  only  secreted  by 
the  epithelium  of  the  scutellum.  The  power  to  liquefy  starch-paste 
and  to  erode  starch-granules  always  accompany  each  other,  and,  in 
fact,  are  never  sejiarable,  being  in  each  case  functions  of  germination 
diastase,  or  diastase  of  secretion.  Raw  grain  diastase  is  produced  during 
the  production  of  the  embryo  in  the  growing  and  unripe  seed,  and  pro¬ 
bably  then  acts  as  translocation  diastase  for  the  purpose  of  preparing 
nutritive  matter  for  the  developing  embryo.  The  portion  of  such  dias¬ 
tase  remaining  unused  in  the  ripe  seed  constitutes  the  diastase  of  raw 
or  ungerminated  grain. 

The  changes  just  described  are  those  which  wheat  undergoes  during 
germination,  and  occur  in  an  incipient  form  in  sprouted  or  “  growy  ’’ 
wheat,  in  which  the  diastase  of  seci-etion,  together  with  cytase,  will 
liave  more  or  less  broken  down  the  parenchymatous  cell-walls,  and  also 
jmssibly  have  eroded  some  of  the  starch.  A  useful  test  for  growy 
wheat  is  to  examine  the  germ  for  starch  ;  if  any  such  granules  are 
found  within  a  section  when  viewed  under  the  microscope,  it  may 
safely  be  concluded  that  the  wheat  is  unsound.  The  changes  to  which 
malt  owes  its  i>r(q)erties  are  practically  the  same  ;  wdien  germination 
has  proceeded  sutiiciently  far,  its  further  course  is  arrested  in  malting 
by  kiln-drying  the  grain. 


I<:  X  P  E  R I M  E  NT  A  L  WORK. 

387.  The  ex])erimental  work  undertaken  in  connection  with  tin; 
subject-matter  of  this  chapter  should  consist  in  following  its  detaik'd 
Girections  for  microscopic  e.xamination  of  wheat. 
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CHAPTER  XIV. 

CHEMICAL  COMPOSITION  OF  MTIEAT. 

388.  Principal  Constituents  of  Cereals.  -Proximate  analysis 
of  the  cereal  <jrains  shows  that  they  contain  as  their  principal  constitu¬ 
ents — fat,  starch,  cellulose,  dextrin,  sucrose,  ratlinose,  and  possibly 
other  siy<jars ;  soluble  proteid  bo(li(*s,  consistin'^  of  albumin,  globulin, 
and  proteose ;  insoluble  proteid  bodies,  consisting  of  glutenin  and 
gliadin,  which  together  constitute  gluten  ;  mineral  matters,  consi.sting 
principally  of  potassium  jihosphate  and  water. 

The  following,  according  to  Bell,  is  the  average  composition  of  the 
different  members  of  the  cereal  family:  — 


Constituents. 

Wheat. 

LouK- 

eared 

EuKlish 
» )ats. 

Maize. 

Rye. 

Carolina 

Rice, 

Winter. 

Sprinjr. 

Barley. 

without 
Husk,  t 

1 

Fat  ... 

I  ’48 

1-56 

1-03 

5'14 

3*5^ 

I ’43 

0*19 

Starch 

6371 

65-86 

63’5' 

49-78 

64-66 

61  -87 

77-66 

Ccllulo.se 

j'Oj 

2-93 

7-28 

13-53 

I  -86 

3-3 

T races  j 

Sugar  (as  Cane) 

2-57 

2-24 

1-34 

2-36 

1-94 

4-30 

C-3S  1 

Albumin,  cSic.,  t 
insoluble  in  al-  - 
cohoi  ...J 

10*70 

7-19 

8‘iS 

10-62 

9-67 

9-7S 

7-94 

Other  nitro-t 
genous  matter,  1, 
soluble  in  al-  I 
cohoi  ...  1 

4'S3 

4-40 

3-2S 

4-05 

4-60 

5 '09 

1 

I  -40 

Mineral  matter 

1  -60 

1-74 

2  *32 

2 '66 

i'35 

'•^5 

0-28 

.Moisture 

1 2  ’oS 

14-08 

13-..6 

1 1  -86 

12-34 

12-45 

12-15 

,  Total 

1 00 ’00 

100*00 

100*00 

100-00 

1 00  *00 

1 00 -00 

100*00 

d  he  following  is  a  siu’ies  of  lat(‘r  analysi's  by  Clitfonl  Richai'dson  of 
the  vai'ious  c(‘reals.  It  will  b(>  noticed  that  tlu>  M-atm-  runs  veiw  con- 
sid(>rably  lower  than  in  Bell’s  analyses,  a  result  due  probably  to  the 
gr('at(‘r  dryness  of  the  American  climate. 
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AVKHAOKS  OF  DETAILICD  ANALYSES  OF  CEKEALS. 


No.  of  -Vnalyses. 

Wheat. 

27 

Ihnley. 

14 

Oat.s. 

18 

Fat  . 

2 '30 

2 ’67 

7-87 

Starch  ... 

67 ’SS 

62  -og 

56-91 

Cellulose 

I  *90 

3-Si 

I  *29 

Sugar,  &c. 

3’5o 

7-02 

6-07 

Dextrin  and  Soluble  .Starch 

2-30 

3'55 

3 ’47 

I’roteids  insoluble  in  So 
cent,  alcohol 

per  1 

...  f 

7-45 

7-S6 

1 3 '43 

Proteids  soluble  in  So  per  cent.  | 
alcohol  ...  ...  ...  I 

3 '58 

3-66 

I  -82 

Mineral  matter 

I-S4 

2-S7 

2  ‘22 

Moisture 

9-25 

6-47 

6-92 

100*00 

1 00  *00 

1 00 ‘00 

•Maize.  Kye. 

21  17 


5-54 
66 ‘9 1 
I -41 
2’lS 
2  iS 

4  96 

5-84 

I ‘54 
9'34 


1- 83 
61  -87 

I '47 

7-57 

475 

9-07 

2- 53 
2 '06 
S85 


1 00 ‘CO  1 00 'CO 


Before  <,avin,<'  detailed  aiial3'.ses  of  various  samples  of  wheat,  a  descrip¬ 
tion  of  the  effect  of  each  constituent  on  the  character  of  the  wheat  will 
he  of  interest. 


389.  Fat. — As  far  as  is  at  present  known,  the  (jiiantity  of  fat  in 
wheat  is  not  a  very  important  element  in  determining  its  value.  Fat 
is  of  course  an  important  food  stuff,  and  as  such  is  of  .service.  The 
germ  of  Hour  contains  a  very  high  percentage  of  fat,  and  when  removed 
must  necessarily  lessen  the  percentage  of  this  Iiody  pr(‘sent. 

390.  Starch. — This  makes  up  the  principal  part  of  the  grain,  and 
in  the  analyses  above  given  varies  from  G3‘7i  to  ()7'88  in  the  diffei-ent 
wheats.  In  these  analy.ses  the  starch  was  probably  determined  by 
difference  ;  that  is,  the  percentage  of  the  other  constituents  was  sub¬ 
tracted  from  100,  and  the  remainder  considered  to  be  starch  :  the 
Cjuantity  of  stai-ch  will  therefore  natui-ally  be  the  comideim'nt  of  the 
other  liodies,  ri.sing  when  they  fall  and  falling  when  they  rise.  Starch 
is  of  course  of  gri'at  imj)ortance  as  being  the  pi-incipal  food-stulf  of 
bread  :  in  sound  wh(*at  the  starch  granules  are  whole,  while  in  wheat 
which  has  sprouted,  or  heatcal  unduly  through  damp,  the  stai'ch  gi’anules 
are  pitteil,  and  oftem  tissured.  The  I’esult  is  that  tluhr  contemts  bec’ouu* 
more  or  less  changed  into  de.xtrin  and  sugai-. 

391.  Cellulose. — This  substance  is  of  considerable  service  to  the 
plant;  but  to  the  miller  it  has  no  value,  as  being  ustdess  as  an  artich' 
of  food,  he  emleavours  to  keep  it  out  of  the  ilour.  As  the  cellulost'  is 
found  ])rinci))ally  in  the  bran,  the  thinner  skinned  wluaits  will  yield,  on 
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iinaly.sis,  less  cellulose.  Judging  the  cellulose  alone,  the  less  quantity 
jjresent  the  better  is  the  ^\•heat. 

392.  Dextrin  and  Sugar. — De.xtrin  e.Kists  in  souikI  wheat  in 
hut  small  quantity;  but  when  hydrolysis  of  the  starch  has  set  iti,  the 
percentage  may  considerably  inci’ea.se  :  in  wheats  or  Hours  the  pi'esence 
of  large  quantities  of  dextrin  would  he  decidedly  objectionable.  Sugar 
is  always  pre.sent  to  a  slight  extent  in  wheat.  Bell  states  that  the 
sugar  corresponds  in  properties  to  cane  sugar,  as  it  does  not  reduce* 
Fehling’s  solution,  hut  may  he  readily  inverted  by  sulphuric  acid.  Bell 
extracts  the  sugar  with  70  per  cent,  alcohol,  and  so  prevents  any  action 
on  the  sugar  of  the  proteids.  The  author  tinds  that  on  extraction 
with  water,  the  sugar  invariably  jiroduces  more  or  less  precipitate  with 
Fehling’s  solution  ;  the  amount  of  precipitate  being  increased  by  treat¬ 
ment  with  sulphuric  or  hydrochloric  acid.  Paragra})h  .'138,  chapter  XI., 
gives  .some  results  of  sugar  determinations  in  the  aqueous  extract  of 
Hour.  The  explanation  of  these  results  .seems  to  be  that,  in  perfectly 
sound  wheat  or  Hour,  small  quantities  of  cane  sugar,  onh',  exist.  In 
unsound  wheats  or  Hour,  in  which  the  starch  has  been  subjected  to 
diastasis,  maltose  may  also  be  detected.  Wanklyn  makes  the  useful 
suggestion  that  estimations  of  sugar  should  be  made  in  both  acjueous 
ami  alcoholic  extracts  :  unsoundne.ss  in  Hour  would  be  indicated  by  the 
pre.sence  of  an  increased  amount  of  maltose  in  the  alcoholic  extract. 

Assuming  the  correctness  of  Bell’s  statement  that  sound  wheat  sugar 
does  not  reduce  Fehling's  solution,  an  alcoholic  extract  of  sound  wheat 
should  give  no  precii)itate  with  that  reagent.  Any  maltose  therefore  in 
an  alcoholic  extract  is  the  measure  of  diastasis  of  the  starch  of  the  grain 
that  had  occurred  previous  to  analysis.  If  the  Hour  be  then  mixed  with 
water,  and  allowed  to  stand  f(»r  a  deHnitt*  time,  and  then  the  maltose 
estimated  in  the  aciueous  e.xti'act,  the  dill'erence  between  the  amount 
obtained  in  this  estimation  and  the  former  one  would  be  a  measure,  of 
the  (piantity  of  soluble  starch,  arising  fi'om  Hssured  granules,  present  in 
the  Hour.  A  series  of  comj)arative  (‘stimations  of  this  kind  would  b(^  of 
service. 

As  the  sugar  of  a  Houi-  aH'ords  the  .saccharine  body  necessary  in  fer¬ 
mentation.  the  presence  of  tins  coiiqioutul  in  small  (piantity  may  be 
tolerated,  but  as  before  ])oiiited  out,  it  should  consist  ])rincij)ally  of  cane 
sugar,  the  iiresence  of  much  maltose  being  evidence  of  unsoundne.ss. 

393.  Soluble  Proteids.—  In  technical  wheat  analysis  no  atteuq)t 
is  made  to  separate  the  albumin  from  the  globulin.  In  the  following 
analyses  the.se  bodies  ar(‘  estimated  in  a  portion  of  the  acpieous  extract 
of  tlie  Hour,  by  either  what  is  known  as  tlu^  albuminoid  ammonia 
process,  or  liy  Kjeldahl’s  process;  of  which  latter,  in  common  with 
other  analytic  methods,  a  d(“scription  is  given  hereaft('r.  As  has  b(>en 
.already  stated,  thesis  bodies  have  a  s(‘i'ious  action  on  starch,  and  also  on 
gluten  ;  under  tin'  iniluence  of  yeast,  during  fermentation,  tiny  act  on 
the  starch  and  conv(‘i't  that  body  into  dextrin  and  maltose.  In  the 
])aragi'aph  on  .ai’tilicial  diastasf*,  Xo.  2.3!),  this  action  is  somewh.at  fully 
<h*scribed.  A  I'clatively  low  percentage  of  solubh^  protc'ids  is  usu.ally  to 
b(“  preferreil  as  indicating  soundness  both  in  Hours  and  wlu'.ats  In  the 
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case  of  wlieat  it  is  soi.iewliat  ditiicult  to  fonn  a  jud,<,onen(,  l.ecause  tin* 
bnui  and  yenn  contain  considerahli'  (inantities  of  soluble  la'oteids  •  as 
tliese  ;y-e  removed  in  the  operation  of  millin-  tlie  proportion  ditWrs 
somewhat  in  tlie  wheat  from  tliat  in  the  dressed  llunr.  It  is  in  dainu 
years  and  wet  climates  that  inferior  wheats  are  grown  ;  the  excess  of 
moisture,  and  lack  of  warm,  dry  sunshine,  leave  the  grain  damp  and 
also  leave  the  proteids  in  the  soluble  condition,  instead  of  thoromdily 
ripening  the  gram,  and  thus  causing  them  to  assume  the  insoluble  forni 

Irom  time  to  time  attention  has  been  directed  to  the  problem  of 
artilicially  drying  wheats.  With  some  samples  of  wheat  this  is 
practically  a  necessity,  as  otherwise  they  are  absolutely  unfitted  for 
dour  A  gentle  kiln-drying  at  a  temperature  of 

fioni  100  to  IlO  I.,  by  driving  off  the  excess  of  water,  arrests  its 
degrading  action  on  the  gluten,  and  causes  the  wheat  to  yield  a  sounder 
and  stronger  Hiair.  The  drying  is  necessarily  accomiianied  liy  loss  of 
weight ;  against  this  must,  however,  be  set  the  improved  (luality  of  the 
flour.  In  connection  with  thi.s,  attention  is  directed  to  the  paragraph 
on  aitihcially  drying  wheats  and  flours,  in  the  next  chapter. 

294.  Solubl©  Extract.'  -In  tlie  following  anaK'ses  by  the  author 
the  percentage  of  “soluble  extract”  is  in  most  cases  .dven  This 
represents  the  proportion  of  the  wheat  or  Hour  soluble  in  cold  water 
ihe  sample  is  shaken  up  with  water  repeatedly  during  half  an  hour 

IS  liquid  evaporated,  dried  at 

100  C.  (_1_  I.)  and  weighed.  This  extract  consists  of  solulile 

proteid.s,  sugar  and  dextrin,  and  i.otassium  phosphate.  Consideralile 
importance  attaches  to  the  amount  of  soluble  extract,  as  lieiim  the 
measure  of  the  amount  of  degradation  of  the  gluten  and  starch  .ff  the 
wheat  or  Hour ;  consequently  an  excess  of  soluble  extract  indicates 
unsoundness.  On  the  other  hand,  a  very  low  percentage  of  su'mr  in  a 
flour  or  'vlieat  IS  accompanied  by  an  absence  of  that  sweetness  charac¬ 
teristic  of  the  best  flavoured  wlieats  and  flours. 

395.  Insoluble  Proteids,  Gluten.  ^Tlie  insolulde  proteids  are 
01  piactical  purposes,  estimated  liy  doiighing  the  Hour,  and  washin-' 
away  tlie  starcli,  leaving  behind  the  tough  and  elastic  gluten.  The 
gluten  of  wheat  is  of  great  importance,  as  lieing  that  constituent  whicli 
imparts  to  wdieaten  Hour  its  reniarkalile  property  of  rising  into  a  light 
am  spongy  loaf.  The  gluten  is  usually  weighed  both  in  the  moist  or 
let  state,  and  also  when  dry  ;  it  weighs  from  2-7  to  3  times  as  much 

hen  inoist  as  dry.  As  the  gluten  of  wheat  is  that  constituent  which 
auses  the  flour  to  be  a  strong  flour,  wheats  to  l.e  of  high  quality  should 
contain  a  high  percentage  of  gluten.  This,  however,  is  not  of  itself 
sufhcient ;  the  glutens  of  different  wheats  vary  not  only  in  (juantity  but 

I  )tt(  n.  J  he.se  latter  yield  weak  flours,  and  conse.piently  bread  which 

ret-  b  iw  TT  ’  n '^‘‘mi’  of 

numl).  ‘7  produce  a  comparatively  low 

numbe.  of  loaves  from  a  .sack  of  the  flour.  The  gluten  then  should  not 

elaJtk"  I'ltf’tmt  in  considerable  quantity,  but  .should  also  be  highly 
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J’x'twct'ii  the  iiinouiit  of  gluten  and  of  solul)le  proteids  in  a  wlieat  a 
close  relation  exists.  Witli  an  increase  of  total  proteids,  both  the 
.soluble  and  insoluble  varieties  will  simultaneously  rise  in  amount.  In 
intei’preting  analytical  results,  high  soluble  proteids  should  not  be 
considc'red  alone — they  are  the  natural  concomitants  of  high  total 
jiroteids  and  gluten.  J!ut  where  the  soluble  j)roteids  are  high,  and  the 
gluten  low,  then  distinct  es  itlence  of  a  low  grade  or  unsound  wheat  is 
atl’orded. 

The  aleurometer  is  an  instrument  designed  for  the  purpose  of  estimat¬ 
ing  the  elasticity  of  gluten  ;  the  higher  the  figures  obtained  liy  its  use, 
the  more  elastic  the  gluten  is  supposed  to  be. 

396.  “True  Gluten. It  is  difficult,  and  in  man}’  cases  im¬ 
possible,  to  wash  away  the  wliole  of  the  starch  from  Hour  or  wheat  meal 
without  also  washing  away  some  of  the  more  soluble  parts  of  the  gluten 
itself.  In  consecjuence,  gluten  determinations  will  vary  according  to 
the  thoroughness  of  the  washing,  and  this  differs  in  ditlerent  hands. 
As  a  check,  thenTore,  on  gluten  determinations  in  cases  of  importance, 
the  author  advises  the  making  of  a  nitrogen  estimation  on  the  dried 
gluten,  and  deducing  therefrom  the  amount  of  proteid  it  contains  ;  this 
latter,  being  calculated  as  a  percentage  on  the  whole  wheat  or  Hour,  is 
denominated  percentage  of  “  true  ”  gluten.  The  amount  should  be  at 
least  80  per  cent,  of  tlu;  crude  dry  gluten.  With  even  considerable 
dilferences  between  percentages  of  crude  gluten,  the  amounts  of  true 
gluten  agree  very  closely.  In  the  further  chapters  on  llour,  data  of 
various  estimations  are  given. 

397.  Gliadin.- '  The  estimations  of  y>roteids  soluble  in  80  per  cent, 
alcohol  are  practically,  in  the  case  of  wheat  and  wheaten  Hour,  estima¬ 
tions  of  gliadin.  As  alfording  evidence  of  the  quality  of  gluten,  gliadin 
estimations  may  pmssibly  prove  of  valut*.  It  is  probable  that  soft, 
ductile,  tenacious  glutens  may  contain  a  high  percentage  of  gliadin, 
but  a  sufficient  number  of  estimations  has  not  as  yet  been  made  to 
permit  the  drawing  of  any  deiinite  conclusions. 

398.  Ash. — This  gives  the  quantity  of  mineral  matter  jiresent  in  a 
wheat  or  Hour  ;  the  ash  consists  principally  of  potassium  phosphate,  a 
substance  of  considerable  value  from  a  nutritive  point  of  view  ;  the 
mineral  matter  of  wheat  is  contained  lu-incijially  in  the  bran. 

399.  W^ater. — The  water  of  w’lu'at  is  found  to  be  mostly  associated 
with  the  starch  of  the  grain  ;  that  body  is  extremely  hygroscopic,  and 
can  only  be  obtained  actually  free  from  water  by  prolonged  and  careful 
drying.  The  (juantity  of  water  in  Hour  and  wheat  does  not  vary  within 
very  wide  limits,  the  highest  percimtage  being  about  15,  and  the  lowest 
about  8  j)er  emit.  The  question  of  importance  is  the  inlluence  of  the 
water  on  the  (juality  of  the  grain  or  Hour,  and  the  interpretation  to  l)e 
placed  on  such  results  as  ai-e  here  givmi.  As  may  readily  be  suppo.sed, 
a  wheat  that  is  grown  either  in  a  naturally  damp  climate,  oi-  during  an 
unusually  wet  sisison,  contains  moi-e  water  than  one  grown  under  the 
op[)Osite  conditions.  Taken  into  consideration  without  reference  to  the 
other  constituents  of  the  grain,  a  large  proportion  of  water  is  to  he 
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<leprecatt‘(l,  foi’  tlio  very  simple  reason  that  water  is  scarc(*ly  worth  pur- 
cliasiii<f  at  the  price  given  for  wheat  or  Hour.  This,  liowever,  is  not 
the  onl\’  objection  to  the  presence  of  a  large  percentage  of  water  ;  a 
much  more  serious  objection  is  based  on  the  fact  that  such  high  propor¬ 
tions  show  that  the  wheat  is  unsound,  and  that  in  all  probability  the 
other  constituents  will  not  be  of  the  most  jiromising  character.  In  the 
first  place,  damp  wheats  and  flours  favour  the  development  of  those 
organisms  which  pi’oduce  nmstiness  and  acidity.  In  the  presence  of 
e.xcess  of  moisture,  too,  the  gluten  of  Hour  is  rendered  soluble  in  part, 
and  also  loses  its  elasticity.  Further,  more  or  less  of  the  starch  will  be 
found  to  have  been  degraded  into  dextrin  and  maltose  by  diastasis. 

400.  Analyses  of  English  and  Foreign  Wheats. — The 

analyses  embodied  in  the  following  tables  are  selected  from  those  of  a 
number  of  wheats  analysed  by  the  author. 
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THE  SCIENCE  AND  ART  OF  liREAD-MAKINO. 


Nos.  1-18  inclii.sive  \v(*rp  analysed  in  Api-il,  1S84;  tliey  ai'e,  except 
wlier(“  othei'wise  mentioned,  188:1  wheats. 

Nos.  19-27  inclusive' were  analysed  in  .Septe'inhei',  1884,  and  are  all 
188:1  wheats. 

Nos.  •28  :18  inclusive  were  analysed  in  Novembei',  18<S4,  and  an-  all 
1  884  w  heats. 

Reviewing  Nos.  1-18  as  a  whole  it  may  be  remarked  tliat  the  moisture 
is  high  ;  as  might  be  expected  No  18  heads  the  list.  The  soluble 
extracts  and  proti'ids  avf'rage  a  somewhat  high  tigure.  Taking  the 
glutens  througliout  the.se  are  lower  than  in  fori'ign  wheats,  the  highest 
tigure  being  only  8-21.  As  might  b(‘  expected  the  Revitts  are  exceeil- 
ingly  low  ;  the  trace  of  gluten  was  so  small  that  it  was  practically 
impossilile  to  recover  it  from  the  bran.  Of  the  other  wdieats.  Nos.  6 
and  18  contain  the  lowest  quantities  of  gluten. 

Samples  Nos.  19-27  call  for  no  special  remark,  repre.senting  as  the}' 
do  the  class  of  wheats  largely  used,  i)articularly  in  the  south  of  Eng¬ 
land,  in  the  manufacture  of  flour.  It  is  interesting  to  note  the  \  aria- 
tions  in  the  character  of  the  same  variety  of  wheat  when  gn)wn  in 
different  localities,  and  under  different  condition.s.  No.s.  19  and  20 
were  considered  by  sendei',  a  miller  whos('  Hours  are  familiar  in  the 
London  market,  to  be  exce2»tionally  tint'  samples  of  their  kind.  No.  21 
is  of  interest  as  showing  the  composition  of  a  w'heat  damaged  during 
grow'th. 

The  English  wheats  of  tlie  harv('st  of  188  4  wc're  of  e.xceptionally  tine 
(juality.  The  samples  given  were  selected  from  the  South  and  Western 
Counties.  Compared  with  the  series  of  English  and  Scotch  w  heats  of 
1883  harvest  the  moistures  run  much  lt)wer,  the  average  being  l:3'5r) 
against  14'82  in  tln^  1883  wdieats.  The  same  remark  ajiplies  to  the 
soluble  extract  and  soluble  jiroteids.  The  average  of  the  glutens  is 
also  somewhat  lower,  being  G'40  against  G’87.  The  lowest  gluten  of  the 
1883  series  was  5'00  in  a  Scotch  West  Country  wdieat ;  this  had  also  the 
highest  moisture  ;  like  the  Scotch  samjile,  No.  38  in  the  new  series  is 
grown  in  a  damj)  climate,  S.  Devon,  and  yields  the  same  iiercentage  of 
gluten.  The  highest  gluten,  8-61,  is  yielded  by  a  sample  of  wliite 
wdieat,  the  highest  of  the  1883  wdieat  being  a  sainjile  of  rough  chaff 
grown  at  Didcot,  and  containing  8-21  of  gluten. 
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The  foreign  wheats  are  naturall}'  more  varied  than  those  grown  in 
Hngland  and  Scotland.  Tlie  Kussian  wheats,  as  a  class,  show  a  higher 
l'f“rcentagc  of  gluten  than  do  the  American.  Headers  may  make  an 
interesting  comparison  between  the  moistures  of  wheats  and  the  flours 
produci'd  from  them ;  the  comp.iri.son  may  also  be  extended  to  the 
glutens. 

Indian  and  Persian  wheats  have  of  late  been  receiving  considerable 
attention  from  millers,  and  also  bakers  wdio  are  equally  intere.sted  in 
the  wheat  supply  of  the  country  The  Indian  wheats  are  characterised 
as  a  class  by  being  very  low  in  glutmi,  and  this  is  accompanied  by  a  low 
percentage  of  moisture.  The  meals,  when  worked  up  with  v'ater,  are 
nlmost  sandy  in  their  nature  ;  it  is  only  after  standing  some  little  time 
that  they  begin  to  acquire  the  charactei'istic  ductility  of  wheaten  Hours. 
The  Per.sian  wheats  are  decidedly  richer  in  gluten  than  the  Indian: 
this  holds  especially  with  the  clean  Persian,  Ao.  G8. 

^  Xo.  79  was  forwarded  by  the  L.C.  Porter  iMilling  Co.,  of  Winona, 
U.S.A.,  and  is  the  wheat  from  which  Hours  Nos.  8  and  9  were  made. 
The  higher  line  of  Hgures  repre.sents  the  results  obtained  on  allowing 
the  dougdi  to  lie  two  hours  before  extracting  the  gluten.  One  very 
special  feature  of  this  wheat,  and  also  the  Hours  produced  from  it,  was 
the  extreme  slowness  with  which  they  absorbed  water  and  became 
thoroughly  sijftened  and  Inalrated. 

Wheat  Xo.  80  was  grown  on  land  400  to  800  miles  west  of  Winnipeg, 
i\lanitoba.  The  comparatively  high  moisture,  soluble  extract,  ami 
proteid.s,  are  indications  of  the  cold  climate  in  which  it  has  been 
grown.  The  compari.son  between  this  sample  and  Xo.  79  are  of  intere.st. 
The  Canadian  Hours  referred  to  in  a  subsecjuent  table  were  made  from 
this  wheat. 


401.  Average  Composition  of  American  Wheats.— On 

page  294  is  .given  the  average  composition  of  American  wheats, 
according  to  Picliard.son,  Cliemi.st  to  the  United  .States  Depjirtment  of 
Agiicultuie.  I  he  caidjohydrates  consist  of  the  starch,  dexti'in,  and 
sugar.  llie  total  (juantities  of  proteids  are  given,  being  deriv(>d  from 
the  percentage  of  nitrogen  found. 

^102.  McDousrall  Brothers’  Report  on  Indian  and  other 

Wheats.-  In  1892,  these  gentlemen,  who  are  millers  and  bakers  of 
iiOndon,  were  commissioned  by  the  Secretaiy  of  .State  for  India  to 
grind  some  selected  samples  of  wh(*at.,  and  make  baking  tests  on  the 
resultant  Hours,  and  report  generally  on  their  milling  and  bakiim 
eliaracteristics.  The  talile  on  page  29.b  gives  the  results  of  their  general 
imlhng  tests.  Reference  is  made  to  the  baking  tests  in  a  subseouent 
chapter  on  Hour  testing. 
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THE  scie;\ce  and  art  of  bread-making. 
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I  WHEAT. 

QUAI.nTES  OF  UREA  I). 

1 

1 

FLO  I  T! 
YIELD 

'  Port. 

Colour. 

Structure. 

Flavour. 

Streiigtli. 

Colour. 

English — 

Talavera,  Chiflliam,  lIouErli 

1 

Chaff.  Webb's  Challenge, 
1  lallett's  Victoria, ... 

j  White 

Soft, 

Sweet.  . . . 

Medium, 

Choice, 

(18-74 

Nnrseiy,  lied  lianiina.s.flivetts. 

j-  Ked, 

Oood,  ... 

66-7  4 

Browick.Colden  Dn  )j),  April, 

»♦ 

** 

American — 

Duhith,  Minnc.sota,  .. 

Ked. 

Hard,  .  . 

Sweet,  . . . 

Full,  ... 

Oood,  ... 

70-73 

Chicago,  Milwaukee,... 

«<  ... 

(iood,  ... 

68-72 

Ked  M'inter,  ... 

Medium, 

70-7i> 

Alicliig.aii, 

White. 

y  y 

Medium, 

.. 

70-73 

Oregon 

,, 

Soft, 

1  )rv,  . . . 

Low,  ... 

70-73 

Californian,  Walla  Walla,  ... 

Brittle, 

- 

,, 

70-75 

Chilian, 

1 » 

. 

'■ 

•• 

F’air,  ... 

70-74 

Sweet  j 

Fair  to  iiieil- 
iuiii,  makes 

(iood  to  tine 

1 

La  f Tata,  Choice. 

Ked, 

Medium,  J 

ami  iiioi.st  - 
eutiii^r,  j 

a  large  ami 
tiiie-graineil 
loaf. 

—  pale  or 
hliii.sli-wliite 
cast. 

j- 70-72 

j 

Fair,  iiiclin- 

Good— tend- 

'i 

iiigto.softuess 

eiicy  to 

,,  Seeondarj’, 

y  1 

from  "rowy 

bliiisliwliite 

-68-70 

or  sprouted 

east  when 

\ 

wheat. 

loaf  is  cut, 

Canadia.n — 

Ked.  M’^hite,  ... 

Medium, 

Sweet, ... 

Medium. 

Oood,  ... 

70-73 

Manitoba, 

Ked. 

Hard,  ... 

Full,  ... 

70-73 

Australian,  . 

White, 

Medium, 

Sweet,  . . 

Medium, 

Choice, 

72-76 

New  Zeai.ani),  .. 

Soft, 

Sweet,  . . . 

Low,  ... 

Oood.  ... 

68-72 

Kcyrtian,... 

Mixed, 

Medium, 

UiipalataLle 

Low,  ... 

F'air,  ... 

68-71 

Kersian,  ... 

Brittle, 

Diy.  .. 

Low,  ... 

Fair,  ... 

68-72  ! 

Indian — 

Koinb.a}',  Kurrachee.  Dellii,.. 

White, 

I’linty, 

Dry.  Kicy, 

Medium. 

Fair,  ... 

68-75 

1  Calcutta, 

Alixed, 

. 

” 

•• 

68-74 

T5a  ltic— 

Dantzic,  K'iuiigsberg,  Rostock 

White, 

Soft, 

.Sweet,  . . . 

Oood,  ... 

Oood.  ... 

68-73 

Red, 

,, 

,, 

68-73 

Sa.xonska, 

,, 

Hard,  ... 

1  )ry,.Sweet 

Full,  ... 

68-74 

Kubanka, 

A'ellow, 

Iliu'il,  I'Tiiit.v, 

(  tIHhI,  .  ,  . 

70-72 

Russian — 

Odessa,  Nicolaieff,  (  A/.ilna 

Nicojiol,  Taganrog,-'  and 

!  IK'il, 

Hard.  1 

1  )ry  and 
.Strong, 

Full,  ... 

Fair,  ... 

66-73 

Crimean, .Marianople,  ( <  J hirka 
Herdianski, 

1 

Medium, 

(>ood,  ... 

66-73 

J'olish . 

J  » 

.Sweet,  .. 

66-73 

Turkish  - 

D.anubian,  Salonica,  ... 

Red, 

Alediiim, 

Dry,  ... 

Low,  ... 

Fair,  ... 

66-73 

Varna,... 

Hard,  ... 

(iood,  ... 

66-73 

Hungarian, 

Red. 

Hard.  ... 

Dry,  ... 

Full,  ... 

Oood,  .  . 

70-73 
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IMPFIUTIES  PUESKXT 


GENERAL  P>E.MAUKS. 


Regular. 

Occasional, 

Per  cent. 

Cliatf.  round  seeds. 

1  Smut,  wild  oat.s,'! 
(garlic,  barley,  | 

0-5  3-0 -j 

Iflroup  of  tine  quality  whites;  usually 
j  clean  and  reliable  in  workitig. 

(  Xamed  in  order  of  merit  ;  a  group  of 

1  well-known  red  sorts. 

Cockleaiiilotlierri  limit 
seeits.chatr.sfieeiiinss, 
fr8,!mient8ofiri)ii,};rass 
■  seeds. 

'Chaff.  St  raw,  barley, 
loats,  seeds, 

:.Stone,  chaff,  seeds, 
Ibarley,  oats, 

1  Barley,  nat.s  (chiefly 
itilack).  smut,  dirt, 
ii'ouiid  .seeds,  and 
screeninps. 

1  Smut,  garlic,  stone, 

j  dirt,  oats,  barley, 

1  Smut,  stone, 

1  Do.,  scented  seeds, 

1  Smut, 

]  Stone,  poppy  seed, 
j  burnt  grain,  garlic. 

•i-O-S'O 

l-o-l-o 

1-0- .'.'0 

j-a-o  ()-o 

1 

“!  S[uing  wheats,  usually  of  great  strength  ; 

1  loss  in  cle.aning  very  variable  ;  grind  well. 
A  thoroughly  reliable  good  milling  sort. 
Usefid  in  mi.xtures  for  colour  it  sweetness. 

A  variable  quality  :  colour  often  choice. 
Heli>sin  grin  ding  softer  whe.-its;  alw.aysdry. 

(  Care  needed  in  buying  ;  ipiality  very 

1  variable. 

I'Flimr  may  he  dressed  very  tine  will,  advan¬ 
tage  to  appearance  of  loaf.  Mav  refilace  tine 

1  native  or  soft  reu  foreign  sorts.  When  weil 

1  cleaned  and  milled,  will  yield  Hour  as  white  as 

1  can  he  oi.tained  from  any  other  No.  1  wheats. 
(Valiiahle  in  making  straight-grade  tiours. 

•• 

J  ^ 

f)'0-10-0 

j-The  best  cheap  sulistitute  for  native  wheat. 

1  t'sefnl  to  rejdace  Red  winter  American, 

'|  Canadian,  and  soft  Ru.ssian  or  Danuhian. 

1  Giown  grains  to  he  expected  in  a’l  jiarcels. 

'S.anie  as  sprinil  and 
'winter  American, 
'Chaff,  straw,  liarley, 
itnd  oats, 

X/haff,  round  seed, 
oat.s,  barley. 

Dirt,  stones,  seeds, 
oats,  barley. 

Same  as  spring  and  1 
winter  American,  ) 

1  Stones,  smut, 

j  Dirt,  smut, 

1  Smut,  garlic, 

( Smut, 

1  ■O-.'i-O 

l'O-3-O 

1-0-3-0 

.0-0  1-2-0 

3-0-1 0-0 

1  Of  sweet  and  reliable  quality  as  a  ride. 

1  Nearly  apiiroaches  Duluth  in  general  quality. 
(One  of  the  very  best  colouring-  wheats: 

1  grinds  well. 

(  (ienerally  softish  grown  wheats  to  be 
!  expected. 

Poor  lifeless  stuff,  very  little  used. 

(Quality  very  indifferent  generally. 

kVeeyils,  stone,  eliaff, 
'traw,  dirt,  jiease, 
round  seed,  linseed, 

j-Oats  and  barley, ... 

3-0-12-0 

(  Some  of  the  best  whites  are  useful. 

!  (ienerally  costs  a  lot  to  clean. 

Chaff,  round  seeds. 

r Oats,  barley,  .smut,  j 
-  garlic,  .stone,  dirt,  - 

lo’e.  j 

O 

i 

O 

1  .A  nice  clean  gronii ;  generally  iirodnces  white 

1  sweet  liread.  Good  whites  most  nsefal. 

When  1  eallygooil,  amost  vain  able  strong  wheat, 
(-haracterised  by  great  hardness  c.f  grain. 

\^y^,  cockle,  and 
vther  round  seeds, 
ihaff,  dirt. 

1  ( fats,  barley,  stone,  ) 
j  smut,  j 

3-0  d2-o| 

1  1  )f  these  the  best  nsnally  come  fi-om  the  Crimea 
'.(Sebastopol,  En])atoria),  and  .Marianople. 

j  Itye  and  round  seeds  cause  much  loss. 

1  t'sefnl  as  strong  wheats  to  rei.lace  .Sj.riug 
/  .American.  Ipialily  very  vaiiable. 

■^yc,  cockle,  oats,  | 
larley,  chaff,  1 

cckle,chair,seeds,oat8. 

Dirt,  stone,  smut, 

1  lift,  stone,  smut. 

! 

,''.-0-12-0  ' 
3-0  8-0  1 

Low  quality  sorts,  uncertain  in  working. 
Somectimes  of  excellent  quality,  and  clean. 

<ckle,chaff, seeds, oats, 

Smut,  dirt. 

1 -0-3-0 

iSiqierior  quality  strong  whe.at. 
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403.  VollGr  on  AA^heatS. — Tlie  talile  on  pages  29G-7,  lieaded 
“Dictionary  of  Wlieat,  is  taken  from  Voller’s  excellent  work  on  “Modern 
Flour  iMilling.”  It  is  particularly  valuable  as  a  succinct  record  of  the 
milling  and  baking  characteristics  of  the  most  important  wheats  and 
their  flours  to  be  found  on  the  British  market. 

Voller  also  gives  some  useful  rules  .as  to  selection  of  wheats  for 
<lilierent  characters,  and  also  a  table  of  mixtures  equivalent  to  certain 
.single  wheats,  which  may  be  used  to  replace  the  latter  on  their 
becoming  e.xhausted.  Thus — 

For  largest  loaf,  use  good  Minnesota  or  Duluth,  run  very  close  by  tine 
Saxonska  or  Azima. 

For  whitest  Hour,  use  good  White  English,  Oregon,  and  Australian, 
with  choice  for  the  latter. 

For  sweetest  bread,  use  good  English  and  good  Dantzic. 


The  following  are  examples  of  replacing  mixtures  : — 


Single  Wheats. 

2  Chicago, . 

2  Ked  Winter, . 

3  Spring, . 

1  Sa.xonska, . 

2  Australian, . 

2  Californian, . 

2  Red  'Winter, . 

2  Californian  or  Australian, 

2  IMedium  Indian, . 

2  La  Plata, . 


-May  be  replaced  by 

I  1  Duluth. 

I  1  Red  Winter. 

(  1  Duluth. 

I  1  ^Michigan. 

(  2  Saxon.ska. 

(  1  Red  Winter. 

...1  Ghirka,  Azima,  or  Polish. 

f  1  Californian. 

)  1  Mdiite  English. 

I  1  Australian, 
i  1  Chilian. 

)  1  Dantzic. 

)  1  Canadian. 

f  1  White  Bombay. 

I  1  AVhite  English. 

(  1  Californian. 

)  1  Azima. 

(  1  ANbilla. 

I  1  Calcutta,  No.  2. 
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CHAPTER  XV. 

CHEMICAL  COMPOSITION  OF  FLOUR  AND  OTHER  MILLING  PRODUCTS. 

404.  Physical  Properties  of  Flour.  -  -In  addition  to  its  2wndy 
chemical  coinjiosition,  dour  possesses  certain  2)hysical  pro2)erties  which 
are  of  the  hi,<(hest  importance  to  the  baker,  and  consequently  to  the 
miller.  These  are  “  Colour  ”  and  “  Strength.”  Flavour  may  also  be 
mentioned,  but  this  is  essentially  rather  a  matter  of  the  palate  than  of 
chemical  anah’sis,  hence  a  judgment  of  the  tlavcmr  of  flour  is  best  made 
by  the  actual  consumer.  These  three  jiropei’ties  of  Colour,  Strength, 
and  Flavour,  together  with  certain  side  issues  connected  with  them, 
largely,  if  not  entirely,  determine  the  commercial  value  of  a  samjile  of 
flour.  For  .scientific  jjurjjoses  it  is  necessary  to  have  not  only  means  of 
judging  and  comi)aring  the<e,  but  also  some  method  of  registering  for 
future  reference,  and  for  the  institution  of  comparisons  between  the 
results  obtained  by  one  observer  and  those  of  another.  In  order  to  do 
this,  these  i)ro])erties  must  in  some  way  be  ex2)ressed  numerically. 

The  whole  subject  of  these  various  measurements  is  e.xhaustively  dis¬ 
cussed  in  a  subsequent  chapter  on  Flour-Testing,  but  as  in  this  section 
a  number  of  analyses  are  quoted,  in  which  estimations  of  colour,  etc., 
are  inserted,  a  brief  mention  is  hei'e  made  of  the  })rinciple  of  the 
method  by  which  the.se  have  been  judged. 

405.  Colour.  — Every  miller  and  baker  will  be  acquainted  with 
the  ordinary  method,  devised  by  Pekar,  of  determining  the  colour  of  a 
sample  of  Hour  by  conqu'essing  a  small  (juantity  into  a  thin  cake  or 
slal),  M'liich  is  wetted  and  allowed  to  dry.  The  (lepth  and  character  of 
the  colour  are  then  observed.  Tliis  test  has  been  in  use  for  some  time, 
and  answers  admirably  the  i)Urpo.se  of  conqjai-ing  the  relative  colour  of 
two  or  more  samples.  In  some  of  the  earlier  tests  here  (juoted  the 
author  employed  graduated  scales  of  colour  pre})ared  by  himself  :  the 
one  of  a  yellow  tint,  for  conq)arison  with  high-class  flours  ;  the  othm' 
grey,  for  e.stimations  on  Hours  of  the  lowei-  grades.  The  nearer  the 
colour  approaches  white,  the  k'ss  the  number  assigned  to  it  on  the  scale. 
Thus  the  (frey  Scale  starts  with  a  eery  light  tint,  marked  “  1,”  and 
finishes  with  a  dai'k  tint,  marked  “  KJ.”  Tin;  whole  of  tlu'  tints  have 
an  intensity  {jiojjoi'tional  to  their  numlx'r  ;  thus  No.  2  is  exactly  twice 
as  dark  as  No.  1,  while  No.  S  is  four  times  as  dark  as  No.  2. 

The  Yellow  Scale,  being  intemh'd  for  jiatent  Hours  only,  is  not 
e.xtended  so  far  as  tlui  (frey  Scale.  It  is  dillicult  to  compare  tlu^  two 
scales  with  each  other,  becausi^  the  colours  are  dissimilar ;  but,  in 
intensity.  No.  1  yellow  is  about  ecpial  to  l.'>  giey  ;  No.  10  yellow  is 
three;  times  as  dark  as  1  yellow,  and  about  eipial  in  intensity  to  1.', 
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H'lvy.  Tlie  colours  (lee2)eH  in  intensity  liy  regular  intervals  from  No.  1 
to  No.  10  yellow. 

In  using  tlie.se  .scales  for  testing  [lurjioses,  it  was  found  that  in  some 
samph's  the  colour  was  intermediate  in  character  hetween  tlie  two 
scales  ;  thus,  some  Hours  were  grey,  with  ju.st  a  tint  of  yellow  ;  others 
were  very  nearly  like  the  Yellow  Scale,  but  rather  grey  beside  it ; 
these  jirojierties  were  indicated  by  the  use  of  two  letters,  thus 
“  7'o  (t.v.”  This  means  that  tlie  Hour  aiijiroached  7‘0,  on  the  (Irey 
Scale,  in  deiitli  of  tint,  but  that  it  was  ratlier  yellower  than  the  scale, 
but  still  nearer  the  grey  than  the  yellow  series  of  tints.  On  the  other 
hand,  fi  Y.c.  means  that  the  colour  was  matched  and  numbered  on  the 
Yellow  Scale,  but  that  it  was  somewhat  grey  in  character. 

406.  Strength.  —  This  particular  tm'iii  is  sometimes  employed  with 
diflerent  meanings  by  various  handlers  of  Hour.  In  former  works  bv 
the  author  on  this  subject,  he  used  it  as  meaning  a  measure  of  the 
water-absorbing  power  of  the  Hour,  and  e.xplained  that  the  term 
“  Strength  is  also  sometimes  used  as  the  measure  of  the  cajiacity  of  the 
Hour  for  jiroducing  a  well-risen  loaf.”  In  deference  to  the  fact  that  its 
enijHoynient  in  this  latter  sense  is  the  more  general,  the  author  also 
adojits  the  same  deHnition,  especially  as  the  term  “  water  absorbing 
power”  is  very  convenient,  and  in  itself  e.xiilanatory.  Strength,  then, 
is  defined  as  the  measure  of  the  capacity  of  the  flour  for  pro¬ 
ducing  a  bold,  large  volumed,  well-risen  loaf.  It  is  in  this  sense 
that  the  word  is  throughout  usc'd  in  tlu^  present  woi'k.  Unfortunately 
at  j)r(*sent  there  is  no  veiy  satisfactory  method  of  numerically  register¬ 
ing  strength  excejit  through  a  b.aking  test,  when  the  actual  \'olume  or 
girth  of  the  loaf  may  be  measni'isl.  Inferentially,  the  strength  of  a 
Hour  may  lie  deduced  from  the  character  and  (piality  of  the  gluten. 

407.  Water- Absorbing  Power.  The  water-absorbing  imwer 
of  a  sample  of  Hour  is  om'  of  the  most  imjiortant  jiroperties  it  ])ossesses, 
and  its  d(‘termination  is  of  the  utmost  importance  to  both  miller  and 
bakin'.  It  not  only  governs  the  yield  in  brearl  of  the  sample,  but  also 
affords  evidence  of  its  other  (pialities,  especially  its  soundness.  For  if 
with  any  ])articular  \ariety  of  wheat  the  water-absorbing  power  of  the 
flour  falls  IkHow  the  average,  there  is  iwery  ])robability  that  the  wheat 
is  through  some  cause  unsound.  Hence,  water-absorbing  determina¬ 
tions  are  valuable  in  several  respects.  Although  not  always  applied  in 
})r(!cisely  the  .same  sense,  for  our  ju'esent  jiui-jiose,  Water-absorbing 
power  may  be  defined  as  the  measure  of  the  water-absorbing 
and  retaining  power  of  the  fiour,  or  of  the  water  absorbed  by 
the  fiour  in  order  to  produce  a  dough  of  definite  consistency  : 
it  always  being  undi'rstood  that  tin*  dough  shall  be  cajiable  of  yielding 
a  well-risen  and  propi'rly  cooked  loaf  without  clamminess. 

When  in  the  following  analyses  the  watm'-ab.sorbing  jiower  is  quoted, 
the  figures  give  the  numbei'  of  cpiarts  of  water  pei'  sack  (HSO  lbs.)  of 
Hour  reiiuired  to  jiroduce  a  dough  of  a  standard  stiHiu'ss.  Tin*  .standanl 
employed  is  an  arbitrary  on(“,  based  on  ri'sults  obtained  with  tin*  author  s 
“  viscoiiH'ter  ”  (see  Flour  'IVsting,  Chapter  XX  1.),  and  jiractically  cor¬ 
responds  in  stiffness  with  a  very  slack  “cottage  ”  dough. 
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408.  Composition  of  Roller  Milling  Products. — Now  that 

luilling  has  bocome  an  art  in  wliich  tlie  wlieat  is  clianged  into  Hour  and 
offal,  not  by  one  Imt  by  many  (jperations,  it  is  a  niattm-,  not  otdy  of 
intert'st,  but  of  inn)oitance,  that  it  sliould  he  known  wliere  the  con¬ 
stituents  of  tlie  wheat  go  as  each  successive  stej)  in  gradual  reductioii 
is  taken,  and  as  tlie  resulting  products  are  gradually  purified  and 
separated  into  flours  of  different  qualities  and  offals. 

Earlv  in  I88o  the  writer  jiersonally  collected  thirty-four  samples 
from  a  large  roller  mill  recently  erected  by  Mr.  .1.  Hai'rison  Carter, 
the  well  known  milling  engineer,  wlio  has  taken  much  interest  in  the 
progress  of  these  e.xperiments,  and  has  rendered  the  wu'iter  great 
assistance  in  obtaining  the  .samples  and  ju'osecuting  his  research. 

The  subjoined  table  gives  the  moisture,  soluble  extract,  soluble  pro- 
teids,  wet  and  dry  gluten,  fat,  cellulose,  ash,  and  })hosphoric  acid  of 
each  sample,  and  also  the  colour  of  the  flours,  according  to  the  scale 
already  described.  The  results  contained  in  the  table  are  set  out 
graphically  in  the  two  page  diagram.  Fig.  41,  insei'ted  on  pages  313-3. 

The  wheat  mixturt'  in  use  was  composed  of  thi-ee  parts  Winter 
American,  one  part  Spring  American,  and  two  parts  of  Californian  ;  it 
weighed  G4  lbs.  pei'  bushel. 
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409.  Explanation  of  Diagram.  This  diii^ram,  Fig.  41,  Jjages 
and  313,  was  arranged  and  si't  out  liy  iMr.  Zinnner,  milling  engineer, 

whom  the  author  supplied  with  the  data  contained  in  the  foregoing 
table;  to  iNIr.  Zimmer  belongs  the  credit  of  setting  out  in  so  clear  and 
admirable  a  manner  the  tabulated  and  anal_ytical  results  :  the  author 
takes  this  opportunity  of  expressing  his  thanks  to  him  fur  the  valuable 
assistance  so  kindly  rendered. 

Each  substance  analysed  is  therein  represented  by  a  large  S(juare  ; 
this  is  in  its  turn  divided  by  tine  ruled  lines  into  100  smaller  squares. 
Each  of  th«‘se  small  sipiares  may  therefore  be  said  to  represent  1  per 
cent,  of  the  whole.  The  ditierent  constituents  estimated  are  each 
indicated  by  particular  marking  ;  thus,  water  is  shewn  by  horizontal 
lines.  All  soluble  matter  is  ruled  diagonally,  with  lines  de.scending 
from  right  to  left  ;  these  and  the  other  rulings  are  exjilained  on  the 
diagram  itself.  In  making  the  analyses,  soluble  ash  was  not  estimated  ; 
but  as  that  body  is  present  in  the  extract  it  had  to  be  allowed  for  ;  this 
was  done  by  assuming  that  O'G  ])er  cent,  of  wheat  ash  is  .soluble  in 
water  :  that  proportion  of  the  ash  is  in  every  case  calculated  as  soluble  ; 
then  the  solul)le  extract,  less  the  soluble  ash  and  jiroteids,  is  a.ssumed 
to  consist  of  dextrin  and  sugar.  It  would  have  been  preferable  to  have 
made  direct  estimations  of  the  ash  in  the  soluble  extract,  but  this  idea 
did  not  occur  until  after  the  completion  of  the  whole  .series  of  analyses. 
The  s})aces  left  blank  represent  the  difference  between  the  total  of 
directly  estimated  constituents  and  100,  the  difference  being  made  up 
by  starch,  indeterminate  proteids,  i^-c. 

In  each  .scpiare  the  constituents  are  arranged  in  the  following  order  : — 

Water. 

Soluble  Proteids  (or  Albuminoids).  Gluten. 

1  )ex trill  and  Sugar. 

Soluble  Ash.  Insoluble  Ash. 

Fat. 

Cellulo.se. 

The  general  arrangement  of  the  squares  will  be  easily  understood  by 
all  who  are  familiar  with  a  milling  engineers  “  modus  operandi."  The 
clean  wheat  is  placed  in  the  toi)  left  hand  corner  ;  this  goes  to  the  first 
break,  and  is  there  sjilit  up  into  middlings,  tailings,  and  Hour.  The 
similar  products  of  each  break  are  arranged  in  three  vertical  columns. 
The  middlings  and  semolinas  are  dri'ssed  over  Cai'ter’s  wind  purifiers  : 
the  products  of  the  various  spouts  being  shown.  No  attempt  is  made 
to  illustrate  the  further  reduction  and  puritication  of  these  compounds; 
the  Hours  resulting  therefrom,  in  common  with  the  break  llours,  produce 
strai'dit  grade  Hour,  which  again  splits  up  into  jiatent  and  liakers’ 
Hours.  The  composition  of  the  germ  and  other  offals  is  also  illustrated. 

410.  Tailing?.  -  Studying  lirst  the  tailings  from  each  break,  the 
moisture  contaiiK*d  i.s  somewhat  hiss  than  that  of  tin*  \\  h(‘at  ,  this  is 
doubtU'.ss  the  result  of  the  heat  evolved  during  the  milling.  The  sol¬ 
uble  extract,  soluble  proteids,  ash,  phosphoric  acid,  fat,  and  cellulose 
Hradiially  increase ;  this  follows  from  the  fact  that  more  and  more  of 
the  (‘iidosperm  is  being  removed  at  each  break,  the  tailings  being 
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padually  rorluced  to  simple  hraii.  Tlie  -luten  at  first  somewhat 
increases;  tins  is  due  to  tlie  semolina  and  flour  of  the  earlier  hreaks 
I.Pin-  made  chiefly  from  the  In-art  of  the  grain.  Tlie  i.ortion  of 
emlosperm  nearest  the  hran  contains  the  most  gluten,  and  so  that 
constituent  ruses,  until  at  the  tiftli  hreak  there  is  a  sliglit  fall  ;  hut  from 
the  fadings  ot  the  sixth  and  seventh  hreak  no  gluten  is  recoverable. 
Ihat,  Ill  the  sixth  hreak  tailings,  gluten  is  nevertheless  present  is  shown 
hy  the  iiuantlty  which  is  obtained  from  the  hran  Hour. 

411.  Break  Flours.  -(Tlancing  at  the  break  Hours,  that  from  the 
first  break  contains  very  little  gluten,  but  high  (piantities  of  cellulose 
and  ash.  Ihe  second  and  third  break  Hour  is  somewhat  richer  in 
gluten,  but  is  very  low  in  colour.  The  fourth  and  Hfth  break  Hour  is 
low  in  g  uten  but  much  better  in  colour.  The  sixth  break  flour  falls 
oH  in  colour  but  is  higher  in  gluten.  The  seventh  break  or  bran  Hour 

colour  "1  soluble  extract,  and  specially  so  in 

412.  Middlings  and  Semolinas.  -  The  middlings  from  the  Hrst 
break  contain  a  fair  amount  of  gluten,  but  the  fat  and  cellulose  are  very 
ngh.  The  hrst  break  middlings  and  Hour  are  treated  as  offiil,  and  are 
at  tins  stage  hnally  seiuxrated  from  the  other  products  of  rerliiction. 
ihe  granular  |n-oducts  of  the  second  and  third  l.reaks  are  separated  into 

coarse  semolina  and  coarse  middlings,  the  latter  being  the  Hner  of 

lall  fragments  of  the  endosperm  mixed  with 

small  pmces  of  oH^^d,  composed  principally  of  broken  bran.  The  pro¬ 
ducts  of  the  fourth  and  Hfth  breaks  are  also  similarly  divided.  The 
coarse  semolinas  from  the  whole  four  breaks  then  go  together  to  a  set  of 
Carter  s  wind  or  gn-ayity  purifiers,  and  are  separated  into  three  products 
a  cording  to  their  density.  The  densest  of  these  three  is  the  nearly 
puie  bioken  endosperm;  the  middle  is  a  mixture  of  endosperm  and 
iraniiy  matter ;  while  the  back  spouts  yield  only  very  Hue  branny  ofial 
The  coarse  middlings  from  the  whole  four  breaks  are  likewise  similaHy 
treated  over  another  set  of  jiuriHers.  ' 

hrSl-r'^?  fcoin  the  second  and  third 

also  1  i  f  from  the  fourth  and  fifth.  It  is 

also  higher  in  fat  but  lower  in  cellulo.se.  The  bran  fragments  are 

Im 'l-r?  f  "if  the  second  and  third  break  semolina,  while 

cdLi  m  ddi:  '  '  t’*"  fiftl>  iH-eaks.  The 

consistirur  nf  ”1  Hour-foMning  constituent.s, 

laUei  'p,  IT''  TT  of  endospm-m  ;  those  from  the 

the  mjd  f  df the  richer  of  the  tivo.  The  next  point  is 
-ru  f  d  m  Products  of  the  separation  effected  by  the 

been  nrich’  ‘ t^'  1)"''  T  Pa««ii>g  ivfermice  has  already 

tind  t I  d  v.v  •  ^  bodies,  which  conscpiently 

the  f  r  V  ^  I'l  ?  t''«  spouts,  contain  a  good  proportion  of  ^iten, 

no  "lutpii  wii  ®  of  Mohi- fitniiiii..  cotii|i((iiTi(l.s,  Init 

seridsd  f  -T  t>“'  yichl  of  the  hack  .spouts.  The 

puriHed  i.dVir''^  treating  coar.se  middlings  yields  from  the  front  spouts 
pui.hcd  middlings,  containing  very  little  matter  foreign  to  Hour -the 


V 


TllK  SCIKNCE  AND  ART  OR  HKKAU -M AKING 


;50G 


jfluteii  is  liigli,  while  ash  ami  fat  are  low--tlie  cellulose  is  somewhat 
hi,nh.  The  arraiigeiiKuits  of  the  mill  permitted  of  the  taking  of  a  sample 
of  flour  that  was  being  made  from  these  purified  middlings  only  ;  its 
analysis  is  given  in  the  table,  but  is  not  shown  on  the  diagram.  This 
flour  is  lower  in  gluten  than  the  straight  grade,  but  is  better  coloured 
than  even  the  patent.  The  middle  spouts  give  a  material  low  in  ash, 
but  higher  in  cellulose,  than  the  corresporiding  yield  of  the  purifiers 
treating  coarse  semolinas.  The  back  spouts  pi'oduct  yields  no  gluten, 
but  a  high  proportion  of  fat,  and  particularly  of  cellulose. 

413.  Flours. — The  whole  of  the  Hour  from  the  various  break.s,  and 
the  reductions  of  the  semolinas  (e.vcepting  those  of  the  first  break),  go 
to  form  the  straight  grade  Hour  :  this  constitutes  the  whole  of  the 
marketable  Hour  products!  by  the  gi-ain.  The  water  of  the  straight 
grade  Hour  is  almost  identical  with  that  of  the  clean  wheat  :  the  soluble 
e.xtract  is  lower,  but  the  soluble  proteids  run  slightly  higher.  The 
gluten  is  much  higher,  amounting  to  S’od  against  G  O-f  per  cent.  The 
ash  and  phosphoric  acifl,  H'Oo,  have  decreased  consitlerably  ;  falling 
from  T53  and  0’78  to  0‘22  and  0T2.  The  fat  and  cellulo.se  follow  .suit, 

falling  from  l'D82  and  |  ^  (duplicates)  to  0‘2r)2  and  0'34.  The 

colour  is  4’5  G.,  being  exceedingly  good  for  a  straight  grade  Hour.  This 
straight  grade  was  divided  into  a  small  percentage  of  “  Patent,”  and 
a  “  Jlouseholds  ”  or  “  Bakers’”  Hour.  The  patent  Hour  contains  rather 
less  water  than  the  sti'aight  grade  ;  also  less  gluten  and  fat.  The 
cellulose  of  the  patent  Hour  is  slightly  higher  than  that  of  the  straight 
grade.  The  households  Hour  is  considerably  richer  in  gluten,  but  in 
other  chemical  constituents  clo.sely  i-esembles  the  patent.  The  (juantities 
of  fat,  a.sh,  phosplu)ric  acid,  and  cellulose,  are  in  each  (‘xcee<lingly 
small,  so  that  but  little  diH'erence  is  observed  between  either  of  the 
three  Hours.  The  cellulose  of  Hour  is  in  so  Hnely  divided  a  condition 
that  the  diH'erence  in  texture  of  two  Hlter  papers  might  make  a  j)er- 
ceptible  diflerence  in  two  cellulose  estimations  in  the  same  .sannHe. 
There  is  not  the  marked  diH’erence  in  (juality'  between  the  patent  and 
households  Hours  observable  sometimes  :  the  households  has,  in  fact, 
not  been  imj)overished  in  ord('r  to  i)roduce  a  (piantity  of  a  very  high- 
class  })atent  flour.  In  colour  the  patent  stands  at  3’6  G.,  the  straight 
grade  at  4 ‘5  G.,  and  the  households  at  h-O  G. 

414.  Offals;  Fine  Sharps.  This  material,  also  sometimes 
termed  “.seconds,”  looks  as  good  as  what  one  sometimes  sees  sold  as 
Hour.  It  contains  a  considerable  quantity  of  gluten,  7’0,  more  in  fact 
than  some  of  the  flours  :  but  as  might  be  ex])eeted,  the  fat,  ash,  and 
cellulose  are  high.  The  soluble  extract  is  also  very  high. 

415.  Coarse  Sharps,  or  Thirds. — These  also  contain  gluten, 
but  only  a  very  small  amount,  2-G4.  The  soluble  extract  and  pio- 
teids  ar(!  very  high,  .so  also  ai'e  the  fat  and  cellulose. 

416.  Rolled  Sharps.— T  hese  are  not  incliuhsl  in  the  diagram. 
The  soluble  exti'act  and  ]iroteids  are  even  higher  than  in  the  lueeeding  ; 
ash,  pho.sphoric  acid,  ami  fat  are  also  high. 
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417.  Bran.  -  Tlip  bnui  prescMits  several  very  iiit(‘re.stiiig  iiialters  for 
observation  :  as  iiiiolit  be  expected,  ;,diit(‘n  is  absent,  and  cellulose  is 
very  liioh,  ainountin;^:  to  over  lS-30  of  tlie  whole  sul)stance.  Tlie  bran 
ids(_)  yields  more  ash  and  phosphoric  acid  than  any  other  poi’tiou  of  the 
<frain.  In  tlu*  diaijram  the  ash  is  divided,  as  in  the  other  analysi's,  into 
a  soluble  and  insoluble  j)ortion,  calculated  on  the  assumption  that  O  G 
jier  cent,  of  ash  is  soluble.  With  regard  to  bi'an,  it  was  thought  worth 
while  to  make  an  additional  (“stimation  of  the  amount  of  ash  actually 
l)resent  in  the  soluble  extract  ;  the  result  of  this  analysis  gave  2-Gl  jier 
cent.,  being  considerably  lower  than  the  estimate  contained  in  the 
diagram.  It  does  not  follow  that  if  the  burned  ash  wen^  treatcid  wdth 
water  that  a  larger  [)ercentage  wmuld  not  be  dissolved.  The  explana¬ 
tion  is  that  the  i)hysical  condition  of  the  bran,  in  broad  llake.s,  is  such 
that,  whatever  soluble  matters  are  locked  uji  within  it,  they  do  not 
yield  themselves  to  trisitment  M’ith  water.  This  is  exemiilitied  in  the 
case  of  the  soluble,  e.xtract  and  proteids  :  compared  with  the  rolled 
sharps  the  bran  yields  but  h’So  and  1-20  respectively,  against  14-3.0 
and  3-92  in  the  sharps.  Another  sample  t)f  the  bran  was  treated  with 
water  for  24  hours,  and  then  the  soluble  extract  and  proteids  deter¬ 
mined — the  results  were  13'1  and  2-2  per  cent.,  still  being  less  than  in 
the  sharps.  These*  ligures  afford  additional  proof  of  the  fact  that  w'hat- 
ever  soluble  constituents  the  bran  may  possess,  they  do  not  readily  yield 
themsehes  to  wat(“r  as  a  solvent  :  tliat  this  is  due  to  the  jehysical  con- 
•  lition  is  shown  by  the  sharps,  which  also  consist  of  the  integument 
■of  the  grain,  yielding  s<j  much  more  soluble  matter,  the  principal 
ditlerence  simjiiy  being  that  the  latter  is  much  more  finely  broken. 
The  albuminous  matter  of  the  bran  consi.sts  largely  of  cerealin,  with 
which  the  large  cuboidal  cells  of  the  inner  bran  are  tilled.  This  body  is 
■actively  diastasic,  but  is  altogether  devoid  of  gluten-like  properties. 

418.  Fluff. — A  sample  of  this  was  collected  from  the  pockets  in 
■(Smith’s  purifiers  ;  the  cellulose  is  higher  than  that  of  Hour,  to  which 
the  Hull  is  somewhat  similar  in  appearance.  It  contains  a  fair  amount 
of  gluten,  and  also  of  fat.  In  appearance  this  substance  looks  as 
though  it  contained  a  good  deal  of  the  par(*nchymatous  cellulose  of  the 
endosperm  of  the  grain.  On  consulting  figure  30  it  will  be  seen  that 
the  starch  granules  are  held  together  in  larger  cells  by  walls  of  cellulose  ; 
these  walls  most  jn'obably  find  their  way  into  the  Huff  and  stive  dust. 

.  4:19.  Th.6  Germ.  -  This  most  intei-esting  body  differs  remarkably 
m  composition  from  the  other  jiarts  of  the  grain.  Tin*  percentage  of 
coutaiued  water  is  somewhat  low,  but  the  soluble  e.xti-act  is  remarkably 
liigh,  amounting  to  just  one  third  of  the  whoh^  of  the  body  as  remov('<l 
in  the  modei-n  processes  of  roller  milling.  Of  the  solubh*  extract.  1  1  -TG 
per  cent,  consists  of  soluble  jiroteids  as  estimated  by  the  “  albuminoid  ” 
ammonia  process.^  There  is  no  gluten  recoveiable.  The  ash  and  jiho.s- 
phoric  acid  are.  high  ;  tin*  fat  also  is  much  higher  than  in  any  otlu'rjiai-t 
o  tiegiain,  amounting  to  D'OTG  per  cent.  i*lven  this  amount  is  less 
t  lan  that  yielded  Ijy  .some  samples  examined  by  tlu*  author,  from  which 
iis  much  as  12  per  cent,  of  fat  has  been  obtained.  The  cellulose  is 
nioderat(*ly  high. 
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Detailed  analyses  of  germ  have  been  made  fi'om  time  to  time  ;  there 
follow  results  of  such  analyses  made  respectively  by  Tatlock  of  Glasgow, 
Richardson,  and  the  author  ; — 


ANALYSES  OK  GERM. 


Richaiui.so.n. 

Tatlock. 

.1  AGl  >. 

-•  ■  ■  -N 

Percent.  Percent. 

Per  cent. 

Per  cent 

Water, 

8-75 

11  -.'i2 

13-23 

Asli, ... 

...  5*4.t 

3-06 

4-94 

Oil . 

15'61 

f.-40 

12-03 

Soluble  in  SO  ner  cent,  alcohol,  20 't 5 

Insoluble  in  water, 

DOS 

Dextrin,  1-24 

Soluble  in  water. 

..  Cum 

&  Sugar,  0-72 

IMaltose,  f>-,o4 

Sugar  or  Dextrin, 

18-8.0 

Non-reducing  .substance 

2-04 

I’roteids, 

S'O.'i 

Soluble  in  water,  ... 

4-41 

Dextrin. 

1-44 

Proteids, 

3-00 

Starch,  &c.,  undeterniined. 

9-05 

40-76  j 

Cellulose. 

1-75 

f)-06 

3-i  i  S- 

Insoluble  Proteids, 

2t!  '00  Total  protds.,  22-68 

Sol.  protds.,  lf)-.')l 

Insol.  protds.,  13-73 

100-00 

100-00 

100-00 

The  sample  of  germ  (‘xamined  In'  Tatlock  was  an  impure  one,  the 
analysis  having  been  made  in  the  earlier  days  of  roller  milling.  That- 
examined  by  the  author  was  fi’om  a  tine  sample  of  31innesota  wheat. 
The  water,  ash,  and  oil  were  determined  by  the  usual  methods.  The 
dextrin  and  maltose  were  determined  by  making  an  estimation  of  thi‘ 
copper  oxide  reduced  from  Fehling’s  solution  by  th(‘  acpieous  extiact, 
and  also  taking  a  polarimetric  reading  of  the  solution.  The  angulai- 
rotation  due  to  maltose  was  calculated  from  the*  co})})er  oxide  precipitate, 
and  then  the  rotation  over  that  amount  was  calculated  as  being  due  to 
dextrin.  These  (piantities  are  very  low,  comjtan'd  with  the  high  soluble 
extract  obtained  on  making  a  direct  estimation  of  the  portion  of  tlu' 
germ  di.ssolved  by  water.  It  is  probalile  that  a  laige  portion  of  the 
suirar  of  the  <ierm  does  not  reduce  Fehliim’s  solution,  and  so  would  not 
be  estimated  in  the  way  just  desci'ibed.  A  10  pei’  cent,  solutioji  of  the 
gei’in  in  cold  water  had  an  angular  rotation  of+2'0'  in  a  20  c('ntimetre 
tube,  with  sodium  light.  The  starch  and  cidlulose  were  undetermined, 
the  results  given  being  obtained  by  ditlerence.  'I’he  total  proteids  w('re 
determim'd  by  a  nitrogen  combmstion  ;  in  order  to  estimate  tlu'  soluble 
prot(‘id.s,  GOO  c.c.  of  1  per  eent.  aqueous  infusion  were  evaporated  to 
dryness,  and  a  combustion  made  on  the  residue.  Th(‘  dillei'ence  between 
the  total  and  the  solubU*  proteids  is  I'cckoned  as  insolul)le  prot('ids. 

As  one  of  th(‘.  objects  of  modern  milling  is  to  thoroughly  remove  the 
germ  from  flour,  the  actual  ell'ect  produced  by  g('rm,  when  pre.sent,  is 
a  subject  of  great  im])ortance.  An  account  of  .some  ex})eriment.s  on 
mixtures  of  germ  and  flour  is  given  later  in  this  chapter. 

420.  Richardson’s  Analyses  of  Products  of  Roller 
Milling.  -Cliirord  Richardson,  Chemist  to  the  l)ei)artment  of  Agri- 
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ure  of  tlie.  United  States  (tovenunent,  lias  made  a  most  imjiortant 
e.xliaustive  series  of  analyses  of  products  of  roller  millim' 


Riehard.son  selected  samples  from  three  mills;  the  first  being  from 
-Messrs.  Pdlshury’s  mill  at  IMinneapolis,  where  a  straight  run  oAprim-- 
American  M'heat  is  used;  the  second,  Messrs.  Herr  and  Cissel’s  mill,  who 
<Mnploy  .soft  winter  wheat;  and  the  third  from  the  mill  of  M^srs. 
M  arder  it  l^arnett,  of  Ohio,  who  use  all  red  winter  wheat.  The.se 
analyses,  the  results  of  which  are  tabulated  on  pages  314-31.5,  31G-317 
are  of  such  great  value  as  to  warrant  their  quotation,  together  with  the 
remarks  tliereon,  iii  full. 


421  “Interpretation  of  the  Analyses.— The  wheat  as  it 

enters  the  mill  is  subjected  to  a  series  of  operations  which  removes  dirt 
foreign  seed,  the  fuzz  (heard)  at  end  of  the  berry,  and  a  certain  portion 
ot  the  outer  coats,  througdi  the  agency  of  a  run  of  stones  and  hrushe.s. 
I  lie  result  of  this  operation  is  to  lower  the  amount  of  inorganic  matter 
or  ash,  and  to  increase  or  decrease  the  other  constituents  but  slio-htly 
the  pioteids  being  a  few  tenths  of  a  per  cent,  greater  in  amount.  The 
point  from  which  a  convenient  start  may  be  made  is  at  the  first  break. 

“I  he  chop  from  the  first  rolls  is  very  marked  in  its  difference  in 
•composition  from  the  original  wheat.  It,  of  course,  has  less  fibre  (cellu- 
iose),  and  also  it  is  seen,  less  ash,  oil,  and  proteids  ;  in  fact,  it  is  starchy, 
it  contains  more  water,  owing  to  the  fact  that  its  comminution  has 
aUowed  It  to  absorb  the  moisture  from  the  air,  and  in  general  it  will  be 
o  jseiyed  that  the  coarser  or  more  fibrous  a  specimen  is,  the  less  water  it 
contains,  while  the  finer  material  liokls  more.  For  e.xample  the  per¬ 
centage  of  water  in  several  portions  of  grain  are  as  follows  : _ 


CtllL. 


9-GG 

8-23 

12-52 

7-G2 

10-91 


Original  grain,  ... 

Ready  for  the  break. 

Chop  from  first  break,  ... 

Fifth  break. 

Bran, 

“  The  heat  caused  by  the  friction  of  the  process,  of  course,  is  an  active 
affent ;  as  inay  1^  seen  on  coniparing  the  original  grain  and  that  ready 
01  tne  break  Ihe  (piestion  of  the  relation  of  the  various  products  to 

luimdity  IS  however,  considered  in  greater  detail  in  another  portion  of 
tneso  remarks.  ^ 

“  The  starchy  chop  from  the  first  break  is  carried  off  to  the  various 
L  VU^'b^^al  grading  machines,  but  for  the  present  it  will  be  left,  as  it 
IS  desirable  to  follow  the  breaks  to  the  end. 

“  Ihe  tailings  from  the  first  scalper,  consisting  of  the  wheat  grain  siilit 
p  n  along  the  crease,  which  serve  to  feed  the  second  bnsik'  after  tlu* 
leaning  which  they  undergo,  vary  but  little  from  the  wheat  which  goes 

‘'•'c  slight  (liff’erences  which  must  lie  attri- 
•  oftli'f.  selecting  and  i>re])aring  for  analyses  samph's 

I  to  sift-  ^  ^  iliff'enmt  breiiks,  tlie  finer  choi)  having  a  ti-ndmicy 

.  vifi.  f  ^  ;  but  they  are  not  great  enough  t'o 

ate  tlie  conclusions.  h,  the  first  br,-ak\so  little  is  dom-,  e.xcept  to 

isiirill  ^  clean  it  for  the  following  rolls,  lliat  only  a 

t^'Rall  cliange  should  be  e.vpected. 


:U0 
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“  The  ellop  from  tlie  second  break  is  more  from  tlie  centre  of  tlu' 
wheat  grain.  Jt  contains  less  ash,  fat,  and  prnteifls  tlian  any  of  tlie 
bi’eak  products,  and  includes,  as  was  shown  by  our  preliminary  in¬ 
vestigation,  the  greater  portion  of  the  endosperm. 

“The  tidlings  supplying  the  third  break  alri'ady  show,  owing  to  the 
greater  amount  of  chop  jiroduced  on  the  second  break,  a  marked 
inci'ease  in  those  comstituents  which  are  peculiar  to  the  outer  portions 
of  the  grain,  that  is  to  say,  there  has  been  a  marked  increase  in  asb, 
fibre,  and  protfuds.  This  increase  becomes  still  more  apparent  from 
break  to  break,  until  the  bran  alone  is  left,  which  contains  more  ash 
and  fibre  than  any  other  product  of  the  wheat.  The,  several  chops 
increase  in  a  like  manner,  the  la.st  or  sixth  break  chop  holding  more 
protends  than  the  bran,  and  even  any  othen-  of  the  resulting  material. 
This  is  probably  due  to  the  comminution  of  the*  bran  in  the  last  break, 
and  conseejuently,  as  will  be  seen,  the  middlings  from  this  chop  are 
rieher  in  nitrogen  than  any  other,  although  not  the  richest  in  gluten, 
owing  to  the  proportion  of  bran  and  germ  which  they  contain. 

“  Having  followed  the  grain  through  the  breaks  to  the  bran,  the 
products  of  the  purification  of  the  chop  remain  to  be  studied. 

“  The  shorts  or  branny  particles  removed  from  the  chop,  or  from  the 
middlings,  by  aspirators,  contain  much  less  fibre  and  ash  than  the  bran, 
although  they  are  of  similar  origin,  that  is  to  say,  fi'om  the  outer  coats 
of  the  grain.  The  analyses  point  to  their  origin  from  those  portions  of 
the  coat  which  contain  less  ash  and  fibre. 

“The  middlings  are  graded  into  five  classes,  and  in  their  original 
uncleaned  state  they  differ  chemically  in  the  fact  that  from  Xo.  1  to 
No.  5  there  is  a  regular  decrease  in  ash,  fibre,  and  fat,  while  No.  5  is 
richer  in  proteids  than  any  other.  This  would  be  expected  from  oui’ 
preliminary  examination,  which  showed  a  dectx'ase  in  bran  from  be¬ 
ginning  to  end,  and  that  No.  o  was  the  j)urest  endosperm. 

“After  cleaning,  the  .same  relations  hold  good,  but  owing  to  the 
removal  of  the  bi'anny  ])article.s  there  is  in  all  cases  a  loss  of  ash 
constituents  and  fibre.  The  effect  of  cleaning  is  more  a})parent  in  Nos. 
1  and  2  where  more  bran  is  removed. 

“  The  reduction  of  the  iniddlings  on  smooth  rolls  changes  the  com¬ 
position  but  slightly,  and  the  flours  which  originate  from  this  process 
are  very  similar  to  the  middlings  fi-om  which  they  were  jtroduct'd. 
That  from  the  fourth  I'c'duction  is  idcher  in  nitrogen,  as  would  also  be 
th(>  case  with  the  fifth,  although  want  of  a  specimen  jn-evented  analysis. 

“The  tailings  from  the  middlings  purifiers  present  the  usual  charac¬ 
teristics  of  bye  ju'oducts,  which  ow('  theii-  existence  to  the  outer  jiart  of 
the  grain,  with  its  high  percamtages  of  ash  and  fibre,  and,  in  this  case, 
also  of  nitrogcm.  It  is  remarkable,  however,  that  fhe  tailings  marked 
No.  G  contain  oidy  one-third  as  much  ash  as  the  others;  but  this  is 
exiilained  by  the  fact  that  they  are  largely  composed  of  endosperm. 

“The  taifings  from  the  difh'i’eTit  icductions  arc*  nearly  alike  in  com¬ 
position,  with  two  c'xcept ions.  Those*  from  the*  fourth  contain  little  of 
ash  fibre  and  idtrogen.  Like*  No.  (>  of  the*  ])uritie*r  tailings  tlu'y  consist 
large*ly  of  (‘ndospe'i'm.  d'hose*  from  the*  se*cond  i'e*eluction  contain  much 
ge*rm,  and  are*,  t lie*r(*fe)re*,  richer  in  nitrogen  than  the  rest. 
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‘  Ihe  repunhed  middlings,  as  might  he  e>i)pcte(l,  contain  much  moi'i' 
ash,  oil,  and  fibre,  than  the  original,  and  there  is  also  an  increase  in 
nitrogen,  but  not  in  gluten,  owing  to  the  large  amount  of  bran  they 
contain.  ^  ^ 

^  “Analyses  of  three  grades  of  Hour  as  furnished  to  the  market  follow 
brom  a  cursory  glance  it  might  lie  .said  that  the  low-grade  flour  was 
tlie  best  as  it  contains  the  most  proteid.s,  but  its  weakness  is  discovered 
Ill  the  fact  that  it  has  only  4  per  cent,  of  gluten.  The  bakers’  Hour 
contains  more  ash,  oil,  Hbre,  proteids,  and  gluten,  than  the  patent , 
but  owing  to  the  increased  amount  of  the  fii-st  three  constituents 
mentioned,  it  is  proportionately  lacking  in  whiteness  and  lightness. 
Ihe  two  Hours  each  have  their  advantageous  points. 

^  “Several  other  grades  of  Hour,  break  Hour,  stone  Hour,  and  flours 
from  tlie  Hrst  second,  and  tliird  tailings,  are  all  very  similar,  and,  as 
tar  as  chemical  analyses  is  concerned,  good.  The  preliminary  e.xamina- 
tmn  has,  however,  shown  certain  defects  in  each.  The  break  Hour  is 
richer  in  proteids  and  gluten  than  any  other,  and  if  it  were  pure,  and 
its^physical  condition  were  good,  it  would  be  of  value. 

The  1  oiler  process  is  distinguished  for  the  completeness  with  which 
d  removes  the  germ  of  the  grain  during  the  manufacture  of  flour  liy 
flattening  and  sifting  it  out.  This  furnishes  the  three  bye-products 
which  are  known  as  first,  .second,  and  third  germ.  They  consist  of  the 


germ  of  the  wheat,  mixed  with 


varying  proportions  of  branny  and 


starchy  matter,  the  second  being  the  purest.  They  all  contain  much  ash, 
oil  and  nitrogen ;  and  if  allowed  to  be  ground  with  the  flour,  blacken 
It  by  the  presence  of  the  oil,  and  render  it  very  liable  to  fermentation, 
owing  to  the  peculiar  nitrogenous  bodies  which  it  carries. 

“The  Hour  from  the  bran  dusters  is  much  like  that  fro’in  the  tailings, 
and  iike  the  stone  stock,  from  a  chemical  point  of  view.  This  merely 
shows  that  chemical  evidence  should  not  alone  be  taken  into  considera¬ 
tion,  for  the  bran-duster  flour  is  a  dirty,  lumpy  bye-product,  while  the 
stone  stocks  are  valuable  middlings.  Analyses  of  various  tailings  are 
next  in  the  series,  and  need  no  comment.  Those  of  the  dust  from 


middlings  and  dust-catchers  are  rather 


surprising,  in  that  they  both 


contain  much  gluten,  and  the  first  one  much  fibre;  but  this  is'due  to 
tfieir  containing  both  bran  and  endosperm. 

gluten  through  the  jiroccss  it  is  necessary  to  go  liack 
to  tlie  breaks.  The  amount  in  the  various  chops  does  not  vary  greatly. 

lere  is  an  apjiarent  anomaly,  however,  in  the  fifth  and  sixtli  breaks, 
where  no  gluten  was  found  in  the  feed,  but  much  in  the  chop.  This  is 
owing  to  the  fact  that  the  feed  has  become  at  this  jioint  in  the  process 
•'  Jiriiinj  t  lat  )y  the  usual  liiethod  of  washiiii^  to  ol)taiii  tlie  "luten 
the  in  a  coherent  mass,  and  separating  from 

“Among  the  middlings,  both  unclean(‘d  and  clean,  the  fourth  is  the 
chest  in  gduten,  and  the  result  of  the  process  of  cleaning  is  to  increas(> 
e  amount  although  slightly  diminishing  the  nitrogen,  which  is  duo  to 

poorTn  ghitn 

“In  the  products  of  the  reduction  on  smooth  rolls,  the  chops  from  the 
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lii.iflier  llli(l(llin,^^s  are  tlie  richest,  ami  if  tlie  analyses  of  tlie  flours  were 
coinpletf!,  No.  4  would  })robal)ly  contain  more  than  the  lower  numbers. 

“The  tailings  are,  as  has  been  already  said,  remarkable,  not  so  much 
that  No.  1  has  no  gluten,  but  that  Nos.  2,  3,  4,  have  7-G2  per  cent.,  and 
No.  G  as  much  as  14-37  per  cent.  The  regular  incrtiase  shows  that  the 
highest  number  must  contain  a  large  portion  of  (uulosperm. 

“That  this  is  the  case  the  microscopic  examination  of  the  diirerent 
tailings  has  shown.  No.  1  is  found  to  consist  almost  entirely  of  the 
■outer  coating  of  the  grain  ;  Nos.  2,  3,  and  4,  of  the  same,  nd.xed  with  a 
large  projxirtion  of  endosperm,  which  is  attached  thereto,  while  in  No. 
G  it  is  ddhcult  to  dicover  any  large  amount  of  anything  but  flouring 
material,  and  the  small  percentage  of  ash  shows  also  that  it  cannot 
■contain  much  bi-an. 

“In  a  like  manner  No.  4  tailings  from  the  reductions  has  13-34  per 
•cent.  of  glutt-n,  which  is  <iwing  to  the  lai-ge  proportion  of  emlosperin 
which  it  contains,  and  in  this  case,  too,  the  fact  of  the  presence  of  so 
much  of  the  interior  of  the  berry  is  j)resaged  by  the  low  percentage  of 
-ash.  The  remaining  tailings  of  this  class  have  little  or  no  gluten,  with 
the  exception  of  No.  1,  as  they  contain  very  little  endosperm. 

“In  connection  with  the  remaining  specimens,  the  gluten  has  been 
already  mentioned,  and  the  results  as  a  w-hole  warrant  the  conclusion 
that  less  of  it  is  wasted  in  the  bye-products  than  w-ould  be  imagined. 
For  a  complete  discussion  of  this  point,  data,  which  are  not  at  hand  in 
regard  to  the  ])er  cent,  of  each  material  produced,  are  necessary. 

“The  products  from  Vi)-ginia  wheat,  similar  to  those  which  have  just 
been  described,  present  the  same  but  not  as  wide  variations  in  tlie 
breaks  and  in  the  Hours  ;  the  low  grade,  instead  of  containing  less 
gluten,  has  more  than  the  bakers’  or  patent.  This  may  be  due  to  the 
greater  softness  of  the  wheat,  in  consecjuence  of  which  it  is  less  suited 
to  the  process,  a  fact  which  is  conHrined  to  a  certain  degree  by  the 
s[)ecimens  of  Hour  fi-om  (Hiio  wheat,  among  which  the  low  grade, 
although  not  exceeding  the  other  brands  in  the  amount  of  gluten, 
ajijiroaches  very  nt-arly  to  them,  and  it  is  therefore  only  reasonable  to 
conclude  that  the  sjiring  wheats  are  particularly  suited  for  roller  milling. 

“  One  of  the  characteristic  features  of  the  roller  milling  process,  as 
has  been  mentioned,  is  the  removal  of  the  germ  of  the  grain,  thus  pre¬ 
venting  its  injuring  the  (juality  of  the  Hour.  Among  the  bye-products 
•of  the  Pillsbury  mill  are  included  three  sejiarations  of  germs,  known  as 
Hrst,  second,  and  thii-d.  They  art'  all  rich  in  oil  and  prott'id.s,  which 
together  form  one-half  of  the  substance.  The  second  germ  .seems  to  be 
fret'i-  fi-om  contamination,  and  was  selected  for  a  more  detailed  t'X- 
amination  [of  which  the  results  are  given,  together  with  tho.se  of  other 
analyses,  in  a  prect'ding  paragraph], 

“  It  has  been  found  that  the  water  extract,  if  h'ft  in  contact  with  the 
n'sidue  of  the  germ,  would  soon  be  the  cause  of  a  peculiar  fermentation. 
'Phis  shows  the  bad  ellect  the  pre.S('nce  of  this  solubh*  proteid  would 
have  in  Hour,  causing  a  fermentation  or  putrefaction  which  would 
injure  and  discolour  it.  'i’he  oil  in  tlu'  germ  is  also  an  additional  source 
of  trouble,  in  that  it  is  readily  oxidized  under  certain  circumstances 
and  tends  to  blacken  the  Hour.” 
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422.  Furtoer  Examination  of  Flours  Produced  during- 
Gradual  Reduction.— Tl.e  g.-cut  impoi-tance  which  attaches  to  tl.esa- 
led  the  author  to  make  a  furtluu-  series  of  e.xamiriatioiis  of  tlio  Hours 
produced  at  the  various  breaks  and  durin.i^  tlie  reductions  of  the 
muldhngs  together  witli  tlie  finished  flours,  straiglit  grade,  bakers’  and 
patent,  tor  the  series  of  samples  in  illustration  of  this  iioint’  the 
author  has  to  thank  an  important  tiriii  of  Liverpool  millers,  whose  mill 
IS  arranged  on  Simon’s  system.  ^\s  being  of  more  immediate  importance 
to  the  miller  and  baker,  the  tests  have  been  confined  to  estimations  of 
moisture,  gluten  water-absorbing  power,  and  colour.  The  wheat 
mixture  consisted  of — 


2  Parts  Australian. 

-  ,)  Californian. 

1  ,,  A  bite  Ivurrachee, 

2  ,,  Canadian  White. 

3  ,,  Chicago  Spring. 

3  ,,  Saxonska. 

,  Hard  Duluth. 

,  Polish  Ped. 


flregon. 

English. 


18 


Uil  t  sf  r  f  PI  supplied  by  yie.ssrs. 

and'w-^r  \vi  with  .samples  of  Hmir  from  American  Spring 

resiles  of  ’  ctively.  De.scriptions  of  these,  together  with 

results  01  cajialyses,  are  also  included. 
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FLOURS  YIELDED  I!V  (IRADUAL  REDUCTION. 
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1.  Reduction 
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77 
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60 

53 '58 
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11.  Reduction 

12-45 
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9-2 
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7  V. 

71 
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1  ^ 

jy"  j- Reduction 

j- Reduction 

VI.  Reduction 
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In  Fig.  42  the  results  of  the  analyses  of  these  Hours,  together  with 
those  of  several  others  whic-h  have  been  deemed  of  special  interest,  are 
set  out  diagraiinuatieally.  The  corresiionding  numbers,  1-49,  across 
the  top  and  bottom  of  the  diagram  refer  to  the  particular  Hours  ;  the 
following  is  an  index  of  these  Hgures  :  — 


Nos.  1-13. 

No.  14. 


15. 


IG. 


No.s.  17-19. 


First  thirteeji  Hours  given  in  preceding  table  of  those 
yickh'd  by  gradual  reduction  ;  arranged  in  the  .same 
order. 

Staiinards’  Crown,  see  No.  G4  in  Hour  tables. 

Flour  from  Old  White  English  Wheat,  see  No.  14  in 
Hour  tables. 

Flour  from  Kiln  Dried  Hcotch  Wheat,  see  No.  13  in 
Hour  tables. 

Taylor’s  Supers,  Whiti's,  and  Households. 
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No.  20. 

Nos.  21-23. 
„  24-25. 

„  2G-27. 

„  28-30. 

„  31-32. 


No.  33. 

„  34. 

11  35. 

„  3G. 
Nos.  37-39. 

,.  40-41. 

No.  42. 

Nos.  43-45. 


Sti’ai,s^lit  (inule,  from  very  choice  Californian  Wheat,  see 
No.  27  in  Hour  tables. 

Flours  from  Winter  American  Wheat,  see  gradual 
reduction  table,  17-19. 

Flours  from  Farna  Wheat,  the  former  slightly  heated  in 
hold  of  vessel,  see  Nos.  29-30  in  Hour  tables. 

Flours  forwarded  from  North  of  Ireland  as  types  of 
Hours,  respectively  Htted  and  unHtted  for  bread-making 
by  soda  process. 

Sann)le  of  English  Seconds,  tested  immediately  on  being 
received,  and  after  2  and  IG  days  respectively,  gentle 
kiln  drying,  see  paragraph  424. 

Flours  from  Bombay'  Wheat,  milled  respectively  dry  and 
damped,  see  Nos.  31-32  in  Hour  tables,  and  also 
paragraph  423. 

Flour  from  Australian  AVheat,  .see  No.  4  in  Hour  tables. 

Flour  from  Odessa  AVheat,  see  No.  2  in  Hour  tables. 

Flour  fi'om  Taganrog  AVheat,  see  No.  28  in  Hour  tiibles. 

Flour  from  Saxonska  AA'heat,  see  No.  3  in  Hour  tables. 

Flours  from  Spring  American  AAduait,  see  gradual 
reduction  table.  Nos.  14-lG. 

L.  C.  Porter’s  Patent  and  Bakers’"  Flours,  see  Nos.  8 
and  9  in  Hour  tables. 

Flour  from  No.  2  Calcutta  AA’heat,  see  No.  1  in  Hour 
tables. 

Best  Patent,  Second  Patent,  and  Remaining  Flour,  from 
No.  1,  Duluth  Spring  AA^heat,  see  Nos.  23-25  in  Hour 


tables. 

No.  4G.  London  Town  Households. 

,,  47.  Hungarian  Patent  Flour,  see  No.  52  in  Hour  tables. 

,,  48.  Pillsbury’s  Straight,  see  No.  74  in  Hour  tables. 

,,  49.  Canadian  “  Hungarian  ”  Patent  Flour,  see  No.  35  in 

Hour  tables. 

In  the  upper  part  of  the  diagram  the  "water-absorbing  power  in 
((uarts  per  sack  is  set  out,  the  lowest  observed  water  absorbed,  GO, 
being  taken  as  the  limit  in  the  direction  of  weakness;  the  higher  the 
line  in  the  case  of  each  particular  Hour,  the.  greater  is  its  water-absorbing 
power.  These  estimations  were  in  each  case  those  made  M-ith  the 
viscometer  in  the  manner  already  refernal  to. 

Note  that  in  the  diagram  the  word  “strength”  is  used,  instead  of 
the  phrase  “  water  absorbing  power”:  it  is  the  latter  which  is  intended. 

Gluten  in  percentages  occupies  the  next  jmsition;  the  diagram  ])ro- 
vides  for  variations  from  7  to  17  ;  in  two  instances  of  abnormally  low 
glutens  the  gluten  curve  is  carried  as  a  dotted  lino  into  the  next 
division  of  the  diagram.  Again,  the  higher  the  curve,  the  greater  is  the 
percentage  of  glutmi. 

Aloi.sture  is  also  set  oH‘  in  porcentag('.s,  but  with  this  important 
diH‘erence  :  the  lowest  degree  of  moistures  is  placed  at  the  toj>,  and  the 
reailings  go  downwards;  therefore,  the  drier  the  Hour,  the  higher  does 
the  moistui'o  line  reach. 
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The  colour  is  set  out  on  tlie  Grey  Scule ;  -where  the  Hours  are  really 
of  a  yellow  tint,  or  l)looin,  their  hue  has  Ix'eii  translatcal  into  the 
isiuivalent  grey  tint.  Conseijuently,  tin*  readings  of  colour  must  only 
he  viewed  as  showing  the  degree  of  intensity  of  tint,  and  not  its 
character  or  ([uality.  The  colours  represented  hy  the  lowest  numbers 
are  jtlaced  highest,  so  that  the  loM'er  the  colour  curve,  the  darkin-  is  the 
Hour.  In  some  few  cases  colour  has  not  been  determined;  this  is 
.shown  by  gajis  in  the  colour  lines. 

Hie  €ii  1  iingeinent  ot  the  tiguri's  in  the  moisture  and  colour  divdsions 
IS  reversed,  in  order  that  in  each  instance  a  rise  of  the  curve  shall 
corre.spond  with  improvement  in  (piality  of  the  flour,  in  so  far  as  it  is 
tifi’ected  by  that  particular  constituent  or  projierty. 

Considering  at  this  stage  those  flours  taken  as  illustrations  of  milling 
J’}  gfiidual  reduction,  No.  1,  the  1st  llreak  Hour,  is  low  in  water-absorb- 
ing  power  (GO  (juarts),  contains  about  the  av’erage  gluten  of  the  series, 
and  is  low  in  colour.  No.  2  consists  of  the  Hour  from  the  2nd,  3rd' 
and  -Ith  breaks;  this  shows  but  little  improvement  in  water-absorbing 
jiower,  rather  more  in  gluten,  but  a  decided  improvement  in  colour. 
No.  <),  the  5th  Break  Hour,  absorbs  much  more  water,  while  the  "luten 
is  the  highest  of  the  series  :  this  is  accompanied  by  a  considerable 
falling  oH  in  colour.  \\  e  have  next  the  Hours  produced  by  the  re- 
<luction  of  the  semolinas;  that  of  the  1st  reduction  is  low  in  water- 
ab.sorbing  power  aiid  gluten,  but  of  good  colour.  The  2nd  reduction 
produces  a  Hour  of  improved  water  absorbing  j-iower  and  gluten,  with 
but  little  variation  in  colour.  The  joint  product  of  the  3rd,  and  part 
of  the  4th  reduction,  yields  a  Hour  which  shows  a  falling  off  in  water- 
absorbing  power,  with  a  slight  increase  in  gluten.  The  remainder  of 
the  Hour  from  the  4th  reduction,  together  with  that  of  the  5th,  shows 
an  increase  in  both  water-ab, sorbing  power  and  gluten,  while  the  colour 
somewhat  falls  oH.  The  Gth  reduction  Hour  absorbs  rather  more  water, 
while  the  gluten  is  once  more  rather  less  in  quantity.  The  Hour  from 
the  (th  reduction.  No.  9,  .shows  an  increa.se  in  both  water-absorbing 
power  and  gluten,  while  the  colour  becomes  slightly  darker.  We  next 
wnie  to  the  straight  Grade  Hour,  No.  10;  comparing  this  with  the 
Patent,  No.  11,  and  Bakers’  flour.  No.  12,  the  Straight  Grade  runs 
intermediate  between  the  other  two  in  water-ab.sorbing  power,  <duten 
and  colour.  No  13,  termed  “Thirds  Hour,”  is  obtained  by  again  rolling 
the  tailings  from  the  last  reduction  of  middlings;  this  Hour,  it  will  be 
noticed,  is  highest  in  water-absorbing  power,  and  next  to  the  highest  in 
gluten,  while  the  colour  is  very  low. 

iurning  next  to  the  .series  of  Hours  obtained  from  American  winter 
wheats,  No.s.  21-23  in 
the  gluten  in  the  weakest 
cent.,  while  the  colour  is 


diagram,  and  17-19  in  gradual  reduction  table, 

only  5-3  pm- 


Break  Hour,  No.  21 


IS 


^'cry  good,  and  the  water-absorbing 


was  the  strongest  Ifreak  Hour,  shows  a 


low.  No.  22,  which 

increase  in  water-alisorbing  power,  and  a  considerable  increase 
gluten  ;  as  might  be  expected  the  colour  is  slightly  lower.  Takui- 
next  the  Hour  from  the  last  reduction  of  middlings,  the  water-ab.sorbiim- 
powei  in  this  reaches  the,  remarkabh’  high  liguro  of  91  quarts  jier  .sack  • 
tlie  gluten,  however,  is  absolutely  le.ss  than  that  in  No.  22  ;  the  colour 


power 
slight 
in 

Taking 
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lias  sli<;htly  fallen  off.  Tn  these  tlii'ee  Hoiu's  the  moisture  diminishes 
slightly  with  the  increase  in  quantity  of  water  aI>sorl)ecl.  Somewhat 
similar  lessons  may  he  learned  from  the  series  of  flours  from  American 
spring  wlieats,  No.  37-39  in  diagram,  and  14-17  in  gradual  reduction 
table.  Again,  the  weakest  Break  flour  absorbs  comparatively  little^ 
water,  71  (piarts,  while  the  gluten  amounts  to  I'J'O  jier  cent.  ;  the 
colour  is  high.  The  strongest  Break  flour  shows  an  increase  in  gluten, 
and  a  very  slight  increase  in  water  absorbed  ;  the  colour  has  fallen  off. 
The  Hour  from  the  last  reduction  of  middlings  registers  the  enoi-mous 
water-absorbing  j)Ower  of  98  (juarts  per  sack.  A  dough  test,  with  8S 
quai’ts  per  sack,  was  mixed  with  the  greatest  ditliculty,  and  took  237 
seconds  to  run  through  the  viscometer  ;  the  98  quarts  test  ran  through 
in  G4  seconds.  The  gluten  of  this  flour  was  only  11-3  per  cent.,  being- 
le.ss  than  in  tire  weakest  Break  flour  ;  the  colour  again  descends.  In 
this  series,  as  in  those  from  winter  wheats,  the  moisture  rliminishes 
with  the  increase  of  strength. 

423.  Damping  Wheats.  —  It  is  the  custom  of  certain  millers  to 
add  to  some  of  the  harder  ami  more  flinty  wheats,  particular!}'  those  of 
India,  more  or  less  water  as  a  preliminary  to  milling.  The  addition  of 
such  water  is  pojnilarly  supposed  to  have  two  efiects,  the  first  being  a 
softening  of  the  bran,  and  the  second  an  increased  yield  of  flour.  The 
softeniTig  of  the  bran  renders  it  less  brittle,  and  so  less  is  supposed  to 
get  broken  up,  and  thus  into  the  flour. 

It  is  essentially  a  (juestion  for  the  miller,  I'ather  than  the  chemist, 
to  decide  whether  the  damping  of  Indian  wheats  renders  them  more 
workable  and  amenable  to  milling  processes  generally.  It  is  (juite  con- 
ceivable  that  a  “  mellow  ”  wheat  is  more  easily  converted  into  Hour 
than  one  which  is  hard  and  brittle  ;  but,  against  any  consideration  of 
ea.se  in  milling  must  be  set  the  effect,  if  any,  of  damping  on  the  after 
quality  of  the  Hour  produced. 

In  connection  with  this  subject  the  author  has  analysed  a  number 
of  samples  of  Indian  and  other  hard  wheats,  dry  and  damped,  and 
also  the  floui's  produced  therefrom.  The  following  are  the  general 
conclusions  derived  from  an  extended  and  exhaustive  series  of  ex¬ 
periments  : — 

In  artificially  damping'  wheats,  but  a  small  proportion  of  the 
water  finds  its  way  into  the  fiour.  The  actual  amount  varied 
from  3'8  to  17'1  per  cent,  of  the  total  quantity  added. 

The  addition  of  water  to  wheats  already  containing  an 
average  quantity  of  water  (in  experiment  cited,  13-2  per  cent.) 
is  decidedly  deleterious ;  strength  and  colour  are  both  in¬ 
juriously  affected. 

With  wheats  in  a  dry  state  (1 1  '0  to  11  5  per  cent,  of  water) 
damping  in  a  slight  degree  does  not  seriously  affect  the  colour 
or  strength  of  the  fiour. 

On  making  baking  tests  with  the  flours  from  such  slightly 
damped  wheats  compared  with  those  of  the  wheats  milled 
dry  ;  the  damped  wheat  fiours  fall  off  less  during  fermentation, 
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yield  bread  of  better  colour  and  flavour,  and  in  practically  the 
same  quantity. 

The  slight  damping  of  the  very  dry  wheats  enables  the  miller 
to  produce  a  better  quality  of  flour. 


424.  Artificial  Drying  of  Wheats  and  Flours.  -By  means 

of  a  series  of  experiimnits  on  Hour,  Graliam  very  clearly  sliowed  tlie 
advantages  derived  from  gently  kiln  drying  excessively  damp  wheats. 
An  inferior  Hour  was  taken,  and  one  portion  heated  for  sfune  six  hours 
to  a  tempfu’ature  of  140°  F.  The  diaed  and  undried  flours  were  then 
shaken  up  with  water  in  the  manner  j)reviously  described  for  the  pur¬ 
pose  of  obtaining  the  st)luble  extract,  except  that  separate  portions  of 
the  Hour  and  water  were  allowed  to  stand  for  four  and  eight  hours 
respectively  liefore  Hltration.  At  the  end  of  four  hours  the  percentage 
of  soluble  e.xtract,  yielded  by  the  iindried  Hour,  amounted  to  l()-49  per 
cent.,  while  the  dried  sample  gave  only  8w.  The  difl’erence  between 
the  two  at  the  end  of  eight  hours  is  still  greater ;  the  undried  Hour 
gave  IGTl  per  cent,  of  extract,  while  the  dried  sample  yielded  only 
10  G4  2)er  cent.  Fvidently,  then,  this  treatment,  by  jiai’tly  destroving 
the  diastasic  power  of  the  ])roteids  degraded  by  moisture,  j^revents 
excessive  diastasis  of  the  starch,  on  the  Hour  being  treated  with  water. 
The  soluble  proteids,  maltose,  and  dextrin  .all  show  a  decrease,  as  may 
re.adily  be  .seen  on  consulting  the  followdng  table  : — 


ARTIFICIAL  DRYI.XO  OF  FLOUR  (Graha.m). 


I  NDHIKD  Flour,  on  STANUtNO. 

Dried  Flour, 

ON  Standing. 

iMalto.se 

Dextrin 

.Solulrle  Proteids 

4  hoiiis. 
6‘82 

0'43 

3'i9 

8  lioiirs. 

1 1  -14 

1-23 

374 

4  linui  s. 

4 '44 

1- 78 

2- 48 

8  hours. 

4 '44 

2-91 

3 '29 

Total  .Soluble  Extract 

10-44 

i6-i  I 

870 

10-64 

As  a  result  of  the.se  exjjeriments,  (Trah.am  recommended  the  kiln- 
«u,!4,gosting  that  the  initial  temperature  might  be 
f.,  increasing  slowly  to  140  f..  at  the  .same  time  submitting  it  to 
a  current  of  air,  and  taking  care  that  the  thickness  on  the  kiln  floor  is 

r-''t:ture.s.  Jour.  Soc.  Arts,  pin  1  ]  G-7,  Jan.  9, 
-  .)  Fnfoi  tunately,  Gr.aham  seems  not  to  have  made  any  glutmi 

Houi's.  The  temper.ature  ho  recommends 
1.  r .  =  GO  C.),  is  identical  with  that  at  wdiich  flour,  on  being  heated 
tor  sever.al  hour.s,  according  to  Weyl  and  Bischoli;  ajipears  to' lose  the 
taculty  of  foi’ining  gluten.  (Jour.  Chem.  Soc.,  1S.S2.  p.  .G37,  Abstract.s.) 

le  authoi  can  confirm  this  stat(‘ment,  having  r(‘p(sit(‘d  th(“ir  e.xperi- 
iiR  nt  with  th(!  same  I'lxsults.  If  tlu;  kiln-drying  should  dt'sfroy,  or 
<5'en  materially  impair,  the  gluten-forming  powei's  of  the  flour,  this 
'vould  tend  to  seriously  counterl.alance  th(‘  great  benefit  dm  ived  from 
'*...1  diastasis  as  the  i-esult  of  tin;  application  of  lusat. 

>c  author  recently  mad(!  a  .stules  of  e.xperiments  on  a  sample  of 
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Seconds  tlour  of  low  (jualit}’^  stoneniillcd  from  Eiiglisli  wlnvits.  Imme- 
di:itcl_y  on  receiving  tlie  Sfimple,  its  strciigtli,  moisture,  and  colour  were 
estimated  in  the  usual  manner.  A  strength  determination  was  als(r 
made  on  the  dough  after  standing  2f  hours  (stability  test).  The  weather 
was  intensely  cold  at  the  time  of  making  these  experiiiumts  ;  the  doughs 
were  probably  vtuy  little  above  the  fret'zing  point  during  the  time  tiiey 
were  standing.  This  is  mentioned,  because  the  amount  of  falling  off  in 
strengtli  was  so  much  less  than  that  in  some  other  samples,  the  results 
of  which  are  i'(icoi'ded  in  paragraph  hTO,  and  which  were  testeil  during 
a  hot  duly.  The  Hour  was  next  ])laced  above  a  heating  furnace,  and 
allowed  to  remain  there  for  some  days  ;  the  tenn)eiature  was  taken 
from  time  to  time,  by  plunging  a  thermometer  in  the  Hour,  and  was 
found  to  range  between  27°  and  30°  C.  (80-G°-(S()°  F.)  After  two  days’ 
drying  a  fresh  series  of  determinations  were  made  in  the  Hour,  and 
again  after  .sixteen  day.s.  The  results  of  the  various  tests  are  given  in 
the  following  table  : — 

O 


AkTIFICI.VL  DRVIXi;  OF  FLOUR. 


Crude  (Jluteii. 

Water- Absorbing  Power. 

Same  after  ; 
■24  liouis.  ' 

DE.SCRII'TION. 

CJ 

Quarts 

Sack 

5  s 

■Ji 

—  ^  0 

O' 

SS  . •  ' 

Undlied  FIovu'  (Xo.  2S, 

ui.e:-  42)  . 

13*4 

29 'O 

io'3 

2*8 

I2’0('i. 

67  '0 

59'3 

65-0 

! 

53-0 1 

Flour  after  2  days  drying 
(Xo.  29,  log.  42) 

10-3 

31-0 

107 

2-9 

i2'o(;. 

74*5 

66-5 

Flour  after  16  days  drying 
(Xo.  30,  Fig.  42) 

6-5 

32-0 

1 1  *6 

2*8 

i2'o(;. 

S6'o 

767 

S2-0 

i 

73'3, 

These  Hours  are  set  out  in  Figuri'  12,  being  bracket('d  together  as 
Kos.  2S-.3(). 

As  might  be  exj)ect('d,  the  natural  result  of  drying  is  to  les.sen  the 
moisturiy  this  falls  in  two  days  from  l-’b-l  to  10'.‘)  ])er  cent.  ;  simultane¬ 
ously  the  wat(‘rabsorbing  powei’  I'ises  T'b  tjuarts.  A  diminution  of 
moisture  of  2'1  ])er  cent.  corres])onds  to  an  evai»oration  of  2--’>  qiiart.s 

per  sack  ;  but  llu'  Hour  shows,  as  the  r(‘sult  of  actual  trial,  that  its 

water  absoi'bing  jxiwer  had  inert'ased  to  a  far  greater  extent.  During 
the  sixteen  days  the  furnace  was  not  kept  continually  alight,  so  that 
proportionately  the  moisture  has  not  so  much  diminished  as  during  the 
tirst  two  days.  A\'ith  a  total  diminution  of  moisture  of  from  13-4  to 
G'b  per  cemt.,  which  (‘(pials  Gd),  the  water-absorbing  ])owei-  had  in¬ 
creased  by  11)  (piarts.  A  diminution  in  moistui’e  of  (i-H  per  cent,  is 
eijuivalent  to  loss  by  evajxu'ation  of  7  G  (piarts  per  sack,  but,  as  before, 
the  watiu'-absorbing  pow(>r  of  the  Hour  has  increased  by  a  much  greatt'r 
(piantity.  The  next  point  for  consich'ration  was  whether  this  increasi* 
in  ])ower  of  absorbing  water  might  not  b(‘  apparent  ratlu'r  than  rt'al  ; 

and  that  while  lh<'  Hour  would  re  juire  moK'  watiu-  to  first  convert  it 

into  dough,  it  would  fall  oil' to  a  coi'respondingly  greater  extent  during 
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fermentation.  Tn  orchn-  to  obtain  information  on  this  point  tlu'  24 
hours  al)sori)tion  te.sts  were  made  ;  they  show  that  the  ori,i,nnal  Hour 
fell  otf  during  that  time  2  (juarts,  while  the  dried  Hour  lost  4  <|uarts  in 
water-al), sorbing  jtower.  Compared  with  the  undi'ied  Hour,  that  which 
had  been  dried  mitil  G-'J  per  cent.,  or  T'G  (puirts  per  sack  of  watei-  luul 
been  evaporated,  maintained,  after  being  24  hours  in  dough,  the  advan¬ 
tage,  in  water-ab.sorbing  pow(‘r  to  the  extent  of  17  (piarts.  In  gluten 
the  Hours  show  a  slight  increase  as  the  result  of  being  dried.  The  threi* 
samples  were  exactly  alik(’  in  colour.  These  experiments  probably 
afford  the  explanation  of  that  imjirovement  effected  in  Hour  bv  k('eping 
for  some  time.  The  author  was  .some  time  ago  informed  l)y  a  baker 
that  he  found,  as  a  result  of  storing  Hungarian  Hour,  that  its  water- 
absoibing  pover  materially  incix'ased  without  any  sensible  diminution 
in  weight.  The  author  wa.s,  on  being  told,  somewhat  sceptical  on  the 
point,  but  his  subsequent  experiments  contirm  the  baker’s  observations. 
These  exiieriments  show  that  gentle  artificial  drying  of  fiour  in¬ 
creases  its  water-absorbing  capacity  to  a  considerably  greater 
extent  than  that  of  the  water  lost  by  evaporation.  In  all 
probability,  similar  drying  of  damp  wheats  would  have  a  like 
effect. 

425.  General  Relationship  existing  between  Water- 
Absorbing  Power,  Gluten,  Moisture,  and  Colour  of  Flours. 

—Under  this  heading  may  be  considered  .such  flours  included  in  the 
diagram,  ligure  42,  as  have  not  as  yet  received  specitic  mention. 

No.  14  is  a  sample  of  Stannard’s  Crown  Flour;  this  is  rather  a 
biscuit  than  a  bre.ul  flour  ;  it  may  be  noticed  that  while  the  water¬ 
absorbing  power  is  very  low,  the  gluten  is  high.  This  Hour  is  easily 
hj (hated,  and  forms  a  veiy  ductile  dough,  sjiecially  suited  for  some 
varieti(-s  of  biscuit  work.  Th.e  next  flour.  No.  l.o,  is  milled  entirely 
fiom  Fnglish  wh(*at  :  the  water  absorbed  and  gluten  wert*  low,  and 
moi.sture  high  ;  the  colour  is  fairly  good.  The' flour  from  kiln-’di'ied 
Scotch  wheat  is  also  low  in  absor])tive.  power  and  gluten,  togetlu'r  with 
high  moisture  ;  the  colour  was  very  good.  It  would  have  b(>en  in- 
tere.sting  to  have  been  able  to  compare  this  flour  with  that  made  from 
the  same  wlu^at  undrmd.  Nos.  17-19  an*  examples  of  three  grach's  of 
flour  from  the  same  tiiiller  ;  as  is  usually  the  case,  as  the  wat(‘r  absorp¬ 
tion  and  gluten  increase,  the  colour  decrease's.  Nos.  24  2“)  ;ife  of 
interest  as  showing  the  effect  on  the  (luality  of  the  flour  of  heating 
m  a  ve.ssel’s  hold  ;  the  water-al)sorbing  powei-  and  gluten  are  botli 
diminished  thereby.  The  flours  :};b;5G  are  markcHl  by  their  very  high 
pprc(mtage  of  gluten  ;  notwithstanding  thi.s,  their  absorptive  capacity 
toe.)  not  lank  .so  high  as  that  of  otlu'r  flours  whose  [i(“rc(*ntage  of 
gluten  IS  less:  they  are  respectivi'ly,  flours  from  Australian,  Oitessa, 
iaganrog,  and  Saxonska  wfuaits.  Nos.  40  and  41  are  high  in  gluten, 
lut  still  not  (juite  so  high  as  the  group  just  referred  to;  their  water- 
ali.soH.iiig  pcjwer  is  however  .somewhat  mor(‘.  The  s(>rics  bG-lfi  an* 
oitamedfrom  No.  I  Duluth  spring  wheat,  and  s(>rve  as  an  additional 
lUistration  of  different  grades  of  Hour,  jiroducc'd  during  roller  milling. 

-D  IS  a  Hungarian  Patent;  the  wati-r  absorjitimi  is  high;  the 
Kluttm,  medium  ;  moisture,  low  ;  and  colour,  good.  Pillshury’s  'Straight 
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runs  liigli  in  water-alisorliinj^'  power,  ratlier  less  gluten  than  the  pre¬ 
ceding  ;  moisture,  medium.  The  last  Hour,  No.  49.  is  of  special  interest 
as  possessing  the  greatest  water- ah.sorhing  power  of  all  the  flours  which 
are  representative  of  those  that  are  sold  as  finished  products.  Nos.  23 
and  39  are  of  course  simply  intermediate  jiroducts  of  milling.  This 
No.  49  is  a  Canadian  Patent,  its  glutei,  is  medium  and  its  moi.sture 
somewhat  high  ;  the  colour  is  fair. 

Reviewing  the  whole  series,  the  highe.st  water-ab.sorhing  powers  are  not 
associated  with  highest  glutens,  neither  are  they  with  lowest  moistures ; 
while  the  low  strengths  are  in  some  instances  found  with  low,  and  in 
others  with  high  glutens.  Comparing  water  absorption  with  moisture, 
the  dryness  of  a  Hour  does  not  necessaril}’  correspond  with  its  water¬ 
absorbing  power,  although  in  many  instances  a  connection  may  be 
observed  between  them.  With  one  and  the  same  Hour,  increase  or 
decrease  of  moisture  influences  the  water-absorbing  capacity  to  a  very 
marked  degree.  The  colour  does  not  bear  a  very  close  relationship  to 
the  other  properties  referred  to,  because  it  is  so  largely  governed  by 
the  methods  employed  in  milling.  With  Hours  produced  at  diflerent 
stages  of  the  same  milling  process  from  one  wheat  or  wheat  mixture, 
the  colour  almost  always  falls  ofi‘  with  increase  in  water-absorbing 
power  and  gluten. 

In  judging  the  value  of  a  Hour  from  the  analytic  data  given  in  this 
diagram,  the  water-absorbing  cajiacity  may  in  the  Hrst  ]>lace  be  taken 
as  the  measure  of  the  water  required  by  the  Hour  to  produce  dough  ;  it 
also  is  the  principal  factor  in  determining  the  bread-yielding  capacity  of 
the  Hour.  Water-absorption  tests  after  standing,  or  their  equivalents, 
as  brieHy  referred  to  in  another  part  of  this  work,  indicate  the  degree 
which  the  dough  will  fall  off  during  fermentation.  The  gluten  is  in  the 
Hrst  place  a  measure  of  the  Hesh-forming  constituents  of  the  Hour,  and 
thus  partly  of  its  nutritive  value.  The  quantity  and  qualit}'  of  gluten 
will  determine  the  capacity  of  the  Hour  for  retaining  the  water  used  in 
doughing  ;  and  also,  whether  or  not  the  loaf  will  be  well  risen  and  of 
good  pile.  For  instance,  although  flour  No.  39  will  greedily  absorb 
water,  yet  it  would  not  produce  so  well  risen  a  loaf  as  No.  38  :  this  is 
partly  due  to  its  containing  less  gluten,  but  also  to  its  gluten  being  of 
inferior  quality-  The  dryne.ss  of  the  flour  shows  the  actual  percentage 
of  .solid  fooil-stufls  which  it  contains;  and  also,  as  has  previously  been 
explained,  affords  indications  of  its  soundne.ss.  The  ciHour  of  the  Hour, 
when  wetted,  is  an  ajiproximate  measure  of  the  colour  of  the  bread 
made  therefrom  ;  but  discrej)anci(*s  bcdweim  the  colours  of  the  Hour 
and  that  of  the  bread  are  fretjuenth'  ob.served,  which  in  some  instances 
are  proliably  du(‘  to  irregularities  in  the  bread-making  process.  The 
saiiH!  Hour  will  produci*  bread  of  many  shades  of  diil'erence  in  colour, 
according  to  whether  it  be  properly  or  improperly  manijadated. 

426.  Effect  of  the  Germ  on  Flour.-  One  of  the  (juestions 
which  for  a  considerable  time  has  occui)ie(l  the  attention  of  tht'  milling 
woi'lfl,  is  whethei-  oi-  not  th(“  I'emovid  of  the  gaum  ati'ects  the  Hour 
injui-iously  or  othei-wise.  Among  the  vaiious  authorities  on  this  jioint, 
(Iraham,  Richardson,  and  other.s,  are  unanimous  in  expre.ssing  a  strong 
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•opinion  in  favour  of  its  removal.  Briefly  .stated,  tlie  reasons  that 
render  this  course  advisable  are  that  the  pre.sence  of  tlie  germ  di.scolours 
tlie  Hour,  and  also  giv(>s  it  a  decided  tendency  to  become  rancid.  In 
addition,  the  germ  e.xerts  a  marked  diastasie  action  on  tlie  imperfectly 
matured  starch  of  slightly  unsound  flours.  On  the  other  hand,  the 
advocates  for  the  retention  of  the  germ  assert  that  it  renders  the  flour 
sweeter,  and  also  causes  the  bread  to  have  a  pleasant  moistness  on  the 
palate.  Under  any  circumstances  these  results  are  not  likely  to  be 
attained  e.xcept  by  using  the  Hour  immediatel}'  it  is  milled  ;  this  is 
frequentl}'  impossible,  and  even  then  the  baker  must  be  prepared  to  face 
all  those  diHiculties  caused  liy  the  presence  of  active  diastasie  agents  in 
the  .sponge  and  dough.  Milling  e.xperiments  on  a  large  scale  have 
been  made  on  the  germy  semolina  produced  during  gradual  reduction. 
•8uch  semolina,  on  being  reduced  on  stones,  yields  a  dark  coloured 
unsatisfactory  Hour,  which  produces  a  low  (juality  bread.  On  rolling 
jind  repurifying  these  semolinas,  the  resulting  Hour  is  of  good  colour, 
and  yields  bread  of  high  quality.  8o  far,  these  experiments  afford 
evidence  directly  in  favour  of  the  removal  of  the  germ.  The  steady 
demand  for  roller-made  Hour  demonstrates  that  the  02)inion  of  the 
public,  as  consumers,  is  also  in  favour  of  its  removal.  An  extensive 
series  of  exjieriments  made  by  the  author,  and  jjreviously  jaublished, 
prove  most  conclusively  the  ill  effects  resulting  from  the  admixture  of 
germ  with  flour. 


427.  Wheat  Blending  . — Home  of  our  readers  may  have  exjiected 
ere  this  a  flescription  of  the  j:*i'incij)les  which  should  govern  the  miller 
in  his  selections  of  wheat  for  blending  jjuiqioses;  but,  as  the  end  of 
wheat  grinding  is  to  produce  Hour  having  certain  deHnite  characters,  it 
has  been  thought  well  to  postpone  the  treatment  of  this  (piestion  until 
after  that  of  the  behaviour  of  iliH'erent  kinds  of  Hour  during  jianary 
fermentation  has  been  fully  considered. 


428.  Distribution  of  Gluten  in  Wheat.  -  Considerable  interest 

attaches  to  the  relative  j)roportions  of  gluten  in  the  Hours  produced 
during  the  diHerent  operations  of  gradual  reduction.  Closely  connected 
with  this  question  is  that  of  the  distribution  of  gluten  in  the  wheat 
grain.  A  number  of  writers  on  wheat  make  the  statement  that  gluten 
is  found  almost,  if  not  (juite,  exclusively  in  the  inner  layer  of  the  bran  ; 
and  that  it  constitutes  the  c(jntents  of  those  cuboidal  cells  seen  so 
piominently  in  the  inner  layei'  of  bran  when  micixiscopically  e.xamined. 
These  cells  ar(>  even  now  frecpiently  termed  “gluten  cells”  from  this 
sujjj^osed  {)roperty.  lh(^  bi'an  of  wheat  contains,  however,  no  gluten 
whatever,  the  whole  of  that  l)ody  being  derives!  from  the  contents  of 
the  endosperm.  Hence  it  follows  that  Hour  contains  more  gluten  than 
does  whole  wheat  meal.  The  following  nuffhod.s,  .suggested  by  Randolph 
o  Philadeljihia,  may  be  adopted  in  oi'der  to  prove  tlu^  pre'sence  of 
gluten  in  the  endosjx-rm  of  wheat. 

If  whole*  wheat  grains  be  alleewe'el  to  soak  in  wate'r,  te)  which  a  few 
t  tops  e>f  e‘the*r  have  leee'ii  eieleh'el  to  preevent  ge'rminiit  ieen,  tlmy  will  in  ;i 
tew  elays  become  theeioughly  softeneel,  anel  thee  ceuitents  eef  such  a  grain 
Jiiay  then  be  seju(*eze*el  ejut  eis  a  whitee  te'iiiicieius  mass.  M.Xiimination  eef 
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tlie  reinainiii.ii:  sliows  tlie  “ifluteii  cells”  inidisturliefl,  closely 

adherinir  to  the  corticiil  protective  l;i3'ers.  Itj'  now  carefully  wasliini;- 
the  white  extruded  mass,  the  major  part  of  its  stai'ch  ma^'  he  removed  ; 
and  u])on  the  addition  of  a  di’0[)  of  iodine  solution  mici'oscopic  examina¬ 
tion  shows  numerous  networks  of  tine  yellow  tihi’ils,  still  holdinir 
entangled  in  their  meshes  manj"  starch  granules,  coloured  blue  hy  the 
iodine.  In  carefulh'  washed  s])ecimens  these  spongelike  networks  are 
seen  to  retain  the  outline  of  th(i  central  stai'ch-tilled  cells,  and  evidently 
constitute  tlu^  protoplasmic  matri.x  in  which  the  starch  gianules  lav. 
I'pon  gmitly  tearing  such  a  sjiecimen  under  a  moderate  amj)litication, 
the  tihrils  will  be  seen  to  become  longer  and  thinner,  in  a  manner 
jiossible  oidy  to  viscid  and  tenacious  substances — a  class  represented  in 
wheat  1)3’  gluten  alone. 

An  eminently  satisfactory  proof  of  the  proteid  nature  of  these 
central  networks  may  be  obtained  by  heating  the  sj)ecimen  in  the 
solution  of  acid  nitrate  of  mercury  (INIillon’s  reagent),  when  the  fibrils 
will  assume  the  bright  pink  tint  chaiactm'istic  of  proteids  under  this 
treatment. 

Another  most  satishictory  method  of  studying  the  distribution  of 
gluten  in  sections  of  wheat,  is  that  of  removing  the  starch  b\'  diastasis 
etleirted  by  malt  infusion.  If  a  thin  section  of  a.  wheat  grain  be 
momentarily  placerl  in  water  at  100°  C.,  so  as  to  gelantinise  the  starch, 
then  transferred  when  cool  to  filtered  malt  infusion,  and  maintained 
from  half-an-hour  to  an  hour  at  a  temperature  of  about  60°  C.,  all  the 
starch  will  be  digested  awa\’,  while  the  insoluble  proteid  and  other 
constituents  will  remain  entirely  unaltered.  A  section  of  wheat  grain 
thus  treated  will  exhibit  throughout  its  entire  central  jiortion  close- 
meshed  gluten  networks,  which  become  slightly  denser  towards  the 
corte.x  of  the  grain.  The  ju’oteid  character  of  these  reticuli  is  here,  as 
in  the  first  method,  su.sceptible  of  micro-chemical  demonstration  b}’ 
INlillon’s  reagent.  A  relatively  veiy  faint  colouration,  indicating  the 
pre.sence  of  proteids,  is  noticeable  in  tlu'  “gluten  cells,”  while  the 
gradual  condensation  of  the  glubm  of  the  endosperm  as  the  cortex  is 
approached  is  evidenced  l)y  a  vivid  colouration  of  the  fibrils. 

429.  Tabulated  Results  of  Flour  Analyses.  The  following 

tabh“s  contain  analyses  of  flour  seh'cted  from  among  those  made  b)’  the 
iuithor  during  lSS,5-6.  Flours  have  Ixaui  selected  which  are  of  interest 
for  one  of  the  following  reasons  1st,  tlunr  having  been  })roduced  from 
single  wheats;  L'nd,  their  luung  w(>ll-known  brands;  ih'd,  their  re¬ 
presenting  the  lloui’  supply  of  certain  large  towns. 

On  ])age  .■h’b'l  are  given  the  results  of  analysis  of  a  number  of  .single- 
wheat  lloui’s.  Flours  Nos.  1:1-16  were  milled  pundy  for  the  ordinar\' 
pui'poses  of  sale,  as  were  also  Nos.  19-’_’7,  and  3.6-.'16.  Ihe  t)thors 
were  specially  ground  on  stones  as  experimental  ti'sts  on  th()  respt'cfive 
wheats.  Nos.  1  9-22  were  milh'd  in  (llasgow,  and  Nos.  26-27  in  Liverpool. 
Nos.  2S-:56  were  all  preparc'd  in  precisely  the  same  manner  as  No.  28, 
hence  the  comparison  IxTween  them  is  very  instructive.  Nos.  29  and 
:5()  show  sti-ikingly  the  ill  efl'ects  on  a  tlour  of  “heating”  in  the  wheat  ; 
the  moisture  increases,  while  the  water-absoi-bing  power  rapidly  falls 
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off.  In  Xos.  and  19-22,  tlie  glutens  Averp  estimated  iminodiately 

on  (loiighing  tlie  Hours:  in  the  otlier  analyses,  unle.ss  specially  stated 
otheiAvise,  the  doughs  were  lirst  allowed  to  stand  one  hour.  Among 
the  M'hole  of  the  Hours  examined,  No  35,  from  Canadian  Hard  Fyfe 
wheat,  stands  pre-eminent  in  the  matter  of  water-ah.sorhing  powei-. 
The  wheat  from  which  this  sample  was  made  giew  in  iSlanitoha,  to  tin* 
north-west  of  Winnipi'g,  and  was  forwarded  by  the  Canadian  PaciHe 
Kailway  Company,  whose  eHbrts  to  supply  the  milleis  and  bakers  of 
this  country  with  such  a  inagniHcent  wheat  and  flour  will,  as  time  goes 
on,  amply  reward  their  enterprise.  The  writer  personally  visited  this 
district  in  lb93,  and  collected  samp)les  of  Hour  which  are  among  those' 
included  in  Chapter  XXI.  on  Flour  Testing. 

The  results  of  examination  of  a  number  of  well-known  brands  and 
varieties  of  Hour  are;  given  on  pages  334  anel  335.  The  Hungarian 
Hour,  Xo.  37,  is  of  the  same  brand  as  is  Xo.  10.  In  the  first  Hve  Hours 
the  glutens  ■were  estimated  immediately,  while;  in  thejse  following,  the* 
eloughs  were*  Hrst  allowed  to  stand  an  hour.  Many  of  the  earlier 
analyses  were  made  liefore  the  devising  of  the  apparatus  for  testing 
wate'r  absorption,  anel  so  do  not  give  that  most  imjeortant  factor  in 
determining  the  value  of  a  Hour,  the  Hours  Xos.  42-44  were  made  from 
Harel  lyfe  wheat,  Xo.  79  in  the  preceding  chapter.  Xos.  39-50  are  a 
number  of  well-known  brands  of  American  Hour.  Xos.  52-t)2  art' 
various  Hungarian  samples  ;  Xos.  52-5G  are  diflerent  graeles  of  Hour 
supplied  by  the  eene  merchant ;  so  are  Xew.  57-59  ;  and  again,  XMs.  60-G2. 
Xo.  G4  is  registered  as  a  weak  Hour  ;  it  is,  however,  scarcely  a  bread 
Hour,  being  msed  chiefly  as  a  high-cla.ss  biscuit  flour. 

Xos.  G5-G7  are  Hours  .supplied  by  one  of  the  largest  and  best  known 
London  millers. 

Xos.  GS-70  were  milled  at  the  .same  time  as  Xo.s.  2S-33. 

Xos.  71-1 3  were  obtained  from  Glasgow,  and  are  reju’e.sentative 
samples  of  liome-milled  Hours  from  American  wheats  :  they  rival,  and 
in  some  (jualities  beat,  the  flours  lu’oduced  fi'om  the  same  class  of  wheats 
by  American  millers,  and  imported  into  England. 

Xo.  /  4  is  a  sample  of  Pillsbury’s  well-known  flour,  imported  into 
London  by  Messrs.  Klein  it  Sons. 

The  Hour  supplies  of  large  towns,  jjages  33G  and  337,  call  for  no 
very  special  remarks  :  in  addition  to  the  .sam])les  hen;  (pioted,  manv  of 
those  given  in  the  previous  tables  Hnd  their  way  also  into  the  i)laces 
included  in  this  list. 
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Tlie  wheats  in  Nos.  1-4  were  si)eeially  ground  on  stones,  and  the 
Hour  produced  di'essed  tlii'ough  No.  U  silks. 

d'he  upp(“r  gluten  figures  in  No.  1  W(“re  ol)taint‘il  by  allowing  tin 
flour  to  remain  in  dough  for  two  houi.s  h(‘for(‘  washing  out  the  glutcm 
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430.  Baking  Characteristics  of  Typical  Flours. — The 

table  on  this  and  following  jniges  recoi’d.s  not  only  the  gluten  and  other 
deterniinations  in  certain  typical  flours,  but  also  contains  a  statement 
of  their  general  baking  characteristics  : — 
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THE  SCIENCE  AND  ART  OF  DREAD-MAKING. 


CHAPTER  XVI. 

BREAD-MAKING. 

431.  Having  fully  d(;alt  with  flour  and  yeast,  there  now  rein.ain  only 
salt  and  water  as  essential  constituents  of  hi’ead  ;  some  brief  reference 
must  he  made  to  these  compounds. 

432.  Salt,  Sodium  Chloride,  NaCl.  —Salt  is  a  white  crystalline 
body,  about  equally  soluble  in  either  hot  or  cold  water,  and  having  a 
characteristic  saline  taste.  Salt  is  used  in  the  making  of  l)read  for  two 
reasons — first,  to  give  the  necessary  flavour,  without  which  bread  would 
be  tasteless  and  insipid.  In  addition  to  its  own  .saline  flavour,  recent 
experiments  have  shown  that  the  presence  of  salt  stimulates  the 
capacity  of  the  palate  for  recognising  flavours  of  other  substances. 
Thus,  minute  quantities  of  sugar  are  recognised  in  the  presence  of  salt 
which  in  its  absence  would  be  unnoticed.  This  doubtless  accounts  for 
the  importance  of  salt  as  a  flavcjuring  agent. 

In  the  second  place,  salt  actively  controls  some  of  the  chemical 
changes  which  proceed  during  fermentation  ;  thus,  salt  (‘xerts  a  solvent 
influence  on  some  of  the  insoluble  proteids  of  Hour;  but  in  the 
quantities  enq)loyed  in  bread-making  it  produces  a  decidedly  binding 
effect  on  the  gluten  of  the  dough.  It  further  checks  diastasis,  and  so 
retards  the  conversion  of  the  starch  of  the  flour  into  dextrin  and 
maltose.  Salt  also  checks  alcoholic  fermentation  ;  the  results  of  careful 
measurement  of  this  action  are  given  in  Chapter  XL,  paragraph  331). 
The  retarding  influence  of  salt  also  e.xtends  to  the  other  ferments,  as 
lactic,  viscous  or  ropy  ferments,  and  so  tends  to  prevent  injurious 
fermentation  going  on  in  the  dough. 

433.  Water. — In  considering  the  quality  of  watei-  for  dietetic 
purjjoscs,  the  chemist,  first  and  foremost,  addresses  himself  to  the  task 
of  determining  whether  or  not  the  water  shows  evidences  of  previous 
sewage  contamination.  Ho  next  asct'rtains  the  hardness  and  also  the 
amount  of  saline  matters  present.  The  methods  lie  adopts  bir  this 
purpose  vary,  but  the  conclusion  at  which  he  seeks  to  arrive  is  })rac- 
tically  the  same.  It  may  be  safely  laid  down  as  a  rule  for  the  baker 
that  a  water  which  would  be  rejected,  on  analysis,  as  unfit  for  drinking 
purjioses,  should  also  without  hesitation  be  rejected  by  him.  Water 
containing  living  organisms  should  in  jiarticular  be  carefully  avoidcil, 
as  tlie.se  might  very  jiossilily  set  up  jiutrefactive  fermentation  during 
panification. 

Among  the  waters  which  would  be  passi'd  by  the  chemist  for 
drinking  puiqioses,  there  exist,  howi'ver,  considerable  dillerences.  Thus, 
some  are  hard,  others  are  extremely  soft ;  salt  may  be  iiresent  in 
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coi-tain  waters,  wliile  in  otliors  it  may  l)e  almost  ahsrnt.  Tlic  differenco 
between  liard  and  soft  waters  is  tliat  tlie  former  contain  carbonabrs  and 
•suljdiates  of  lime  or  magnesia  in  solution  ;  the  act  of  boiling  precipitates 
the  carbonates  as  a  fur  on  the  vessel  used,  and  so  hardness  due  to  tin; 
carbonates  is  termetl  temporary  hardness,  in  distinction  from  that  of 
the  sulphates  which,  not  being  removed  by  boiling,  constitutes  per¬ 
manent  hardness. 

i\Iuch  si)eculation  exists  as  to  whether  or  not  the  hardness  or  otherwise 
of  a  water  exerts  any  practical  influence  on  bread-making.  In  brewing 
it  is  recognised  that  a  soft  water  obtains  more  extract  from  the  malt 
than  a  hard  one,  but  the  compai'ison  with  the  case  of  Ijread  is  scarcely 
fair,  because  in  the  wort  the  liquid  is  filtered  off  from  the  “grains,” 
while  in  bread  the  whole  mass,  whether  soluble  or  insoluble,  goes  into 
the  oven  together.  The  general  tendencies  of  hard  water  would  be  to 
dissolve  less  of  the  proteids  than  would  a  soft  water,  and  consecjuently 
the  dough  in  the  former  case  would  be,  to  the  extent  of  the  action  of 
the  hard  water,  tighter  and  tougher  than  that  produced  when  the 
water  is  soft.  (It  will  be  remembered  that  gliadin  is  soluble  in  dis¬ 
tilled  water,  but  that  the  salts  of  the  Hour  itself  are  sufficient  to  prevent 
its  going  into  solution.)  The  use  of  very  soft  water  is  very  nearly 
equivalent  to  the  result  produced  by  using  softer  flours.  Thus,  hard 
water  will  tend  to  make  whiter  bread,  because,  not  only  is  the  quantity 
of  j^roteids  dissolved  smaller,  but  with  the  same  quantity  in  solution 
their  action  would  be  checked  by  the  presence  of  the  soluble  lime  salts. 
At  the  same  time  the  bread  wmuld  eat  somewhat  harsher  and  drier  than 
that  made  wuth  soft  water.  Speaking  generally  the  changes  which  go 
on  during  panification  proceed  more  rapidly  with  soft  than  wuth  hard 
water.  orking  in  a  similar  manner,  /.r.,  wuth  the  same  times  and 
temperatures,  hard  water  is  not  likely  to  j)roduce  as  good  results  as  soft 
wuiter  at  its  best.  In  order  to  obtain  the  same  results,  the  various 
steps  in  the  pi'ocess  of  fermentation  should  be  somewdiat  modified  ; 
thus,  the  bread  would  probably  require  to  lie  .somewhat  longer  in  the 
sponge  and  dough  stages,  or  tlie  temperature  employed  might  be 
somewhat  higher.  Both  colour  and  flav’our  of  bread  depend  on  fer¬ 
mentation  being  allowed  to  proceed  to  exactly  the  right  point  and  no 
fuither  hence  hard  water,  by  altering  the  length  of  the  fermenting 
piocess,  will  aflect  both  these  wdien  fermentation  is  carried  out  under 
precisely  the  same  conditions  with  hard  wuiter  as  with  soft.  Furthei’, 
as  the  keeping  moist  of  bread  depends  largely  on  the  degree  of  change 
Iiroduced  in  the  gluten  and  other  constituents,  it  is  quite  ])ossible  that 
the  rate  of  drying  may  be  effected  by  the  use  of  hard  water.  Home 
jears  ago  the  writer  made  a  series  of  e.xpei'iments  on  the  manufacturing 
scale  on  the  comparative  advantages  of  hai’d  and  soft  water  foi'  bi'i'ad- 
making  purposes.  Ihe  use  of  a  water-softiming  })lant  was  affoi-ded  him 
the  inventors,  and  over  some  weeks  tin*  charact(*r  of  bread  made 
w  ith  the  very  hard  water  of  the  district  conq)ared  with  that  made  fi’om 
tie  softened  water.  The  general  conclusion  was  that  no  veiy  great 
<  iffeience  was  caused,  or  at  least  no  dillercmce  that  could  not  be  produced 
ly  other  modilications  under  the  control  of  the  bakei',  such  as  slight 
a  terations  of  the  blend  of  the  flour,  or  mode  of  fernumtation.  Ho  far 
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as  it  went  tlie  action  of  soft  water  was  considin-ed,  everytliing  else  being 
equal,  an  improvement  on  tlie  liard. 

434.  Objects  of  Bread-making. — Tlie  miller’s  art  is  directed  to 
the  task  of  separating  that  part  of  wheat  most  suitalile  for  human  food 
from  the  bran  and  other  substances  whose  jiresence  is  fleemed  undesir¬ 
able.  The  flour  thus  produced  reijuires  to  be  submitted  to  some  cooking 
operation  biTore  it  is  fitted  for  ordinary  consunqition.  Given  the  flour, 
it  is  the  baker’s  object  to  cook  it  so  that  the  re.sult  may  be  an  article 
pleasing  to  the  sight,  agreeable  to  the  taste,  nutritious,  and  easy  of 
digestion.  It  is  universally  admitted  that  these  ends  are  best  accom¬ 
plished  by  mi.xing  the  flour  with  water,  so  as  to  form  a  dough  ;  which 
dough  is  charged,  in  some  way,  with  gas,  so  as  to  distend  it,  and  then 
baked.  The  result  is  a  loaf  whose  interior  has  a  delicate,  spongy 
structure,  which  causes  good  bread  to  be,  of  all  wheat  foods,  the  one 
most  readily  and  easily  digested  when  eaten.  This  charging  with  gas 
is  most  commoidy  efTectcd  by  fermentation,  but  other  methods  are  also 
to  a  limited  exteirt  adojited  :  these  will  be  described  in  turn.  Fermen¬ 
tation  has  one  great  advantage  over  other  bread  making  jn’ocesses,  in 
that  it  not  only  produces  gas,  hut  also  effects  other  important  changes 
in  certain  of  the  constituents  of  flour. 

435.  Definitions  of  various  Stages  of  Bread-making. — 

The  methods  employed  in  the  manufacture  of  bread  differ  in  various 
parts  of  the  country  :  it  will  be  well  to  first  give  a  few  definitions,  and 
then  proceed  to  rlescribe  and  discuss  the  jirincipal  methods  and  their 
underlying  principles. 

436.  The  Ferment.  — Among  many  bakers  the  first  steji  in 
bread-making  is  the  preparation  of  a  “  ferment.”  This  most  commonly 
consists  of  potatoes,  boiled  and  mashed  with  water  into  a  moderately 
thin  liquor,  to  which  a  little  raw  Hour  is  generally  added.  The  yeast 
is  next  introduced,  and  feianentation  allowed  to  proceed  until  the 
whole  of  the  fermentable  matter  is  exhausted,  and  a  quiescent  stage 
reached.  The  essential  point  about  a  fei’inent  is  that  it  shall  contain 
sacchai'ine  matters  and  yeast  stimulants  in  such  a  form  as  to  favour 
growth  and  reproduction  of  yeast,  and  growth  and  reproduction  in  a. 
particularly  vigorous  condition.  For  this  purjiose  it  is  necessary  that 
the  ferment  bo  not  too  concentrati'd,  becau.se  no  yeast  reproduction 
occurs  with  too  great  a  degree  of  concentration.  On  Ifriant’s  authority 
the  following  table  is  given  in  the  Quarterly  Trade  Keview  ( Jhikers' 
Q.T.R.).— 


Ooiiceiitiiition  of  tlie  .Medinin 

E.\teiit  of  Yeast 

ill  which  Veiii-t  was  giiiwn. 

Iteiiroiliietion. 

() 

per  cent,  of  solid  nuittt'r. 

()  ()0  times. 

10 

11  11  " 

7:17  ., 

14 

i>  11  11 

...  14 -JO  „ 

19 

11  11  ’’ 

10-10  „ 

‘in 

11  M  1» 

iJ-r,0  „ 

.•If) 

11  1 1  11 

No  nqiroduct 

A  medium  containing  about  I  I  jier  cent,  of  solid  matter  is  here 
indicated  as  being  most  favourable  for  reproduction. 
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Indepeiulently  of  tliis,  too,  the  actual  quaiititv  of  ferment,  as  com- 
l)ared  with  quantity  of  yeast,  is  of  importance';  for  on  referrin-  to 
Adrian  Brown  on  fermentation  (Cliapter  JX.),  it  is  seen  that^too 
great  a  crowding  of  yeast  cells,  independently  of  the  composition  of 

the  liquid,  may  permit  fermentation,  while  ahs'oliitely  inhihitino'  repro¬ 
duction.  OR 

Various  substitutes  for  potatoes  may  lx*  used  in  the  ferment  ;  anions 
these  are  raw  and  scalded  flour,  malt,  malt  extracts,  and  other  pre’- 
parations. 


437.  The  Sponge. — This  consists  of  a  portion  only  of  the  flour 
that  it  IS  intended  to  convert  into  bread,  taken  and  made  into  a  com¬ 
paratively  slack  dougli,  with  a  portion  or  the  whole  of  the  water  to  be 
used  in  making  all  the  flour  into  bread.  The  yeast  or  the  “  ferment  ” 
(together  with  usually  a  small  proportion  of  salt)  is  incorporated  into 
the  sponp.  Sponges  containing  the  whole  of  the  water  are  termed 
‘  batter  or  “  flying  ”  sponges.  Because  of  its  greater  slackness,  com¬ 
pared  with  dough,  fermentative  changes  proceed  more  rapidly  in  the 
sponge.  The  writer  recently  made  a  series  of  observations  on  small 
termenting  sponges  made  in  the  laboratory  with  distillers’  yeast ;  these 

'  number  of  yeast  cells  was  counted  by  means 

of  the  hiematimeter  immediately  on  mixing,  and  again  subsequently  at 
intervals  of  about  two  hours.  Not  only  was  there  no  reproducdon, 
but  the  cells  present  gradually  les.sened  in  number,  doubtless  as  a 
result  of  disintegration  of  those  deficient  in  life  and  vigour.  From  this 
and  the  reproduction  table  given  under  the  heading  of  Ferment  the 
conclusion  is  drawn  that  no  reproduction  whatever  of  yeast 
{ ^accharojnyces  cerevtsia)  occurs  in  the  sponge. 

438.  The  Dough. — This  consists  of  the  whole  of  the  flour  to  be 
used  together  with  the  whole  of  the  water  and  other  constituents  of 

the  bread,  whether  mixed  straight  off  or  with  intermediate  stages  of 
terment  and  sponge. 

439.  Various  Methods  of  Bread- Making. —Amoncr  these 

may  be  included  the  following-  • _  °  => 

O  * 

Bough  made  right  off— Off-hand  Doughs. 

Ferment  and  Dough. 

Sponge  and  Dough. 

Ferment,  Sponge,  and  Dough. 

Flour  Barm,  Sponge,  and  Dough— Scotch  System. 

_  A  useful  classification  of  bread-making  proce.sses  on  this  principle  is 

T  J^^read-Making,”  contributed 

to  the  iSational  As.sociation  Beview  (late  Q.T.R.),  by  W.  T.  Callard 
iJie  following  arrangement  has  been  suggested  by  Callard’s  paper 

dirp^^'  Doughs.— In  this  system  the  dough  is  made 

direct,  without  any  preceding  stages  of  ferment  or  sponge. 

made  hy  ffA/Av/. -Some times  employed  in  making 
tin-bread  {t.e.,  bread  baked  in  tins),  l.ut  also  at  tinu'S  for  making  crusty 
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Flours  Used. — Stronif  patent  flours,  mixed  very  slack  for  tin  bread. 
Strong  London  households  for  crusty  cottage  liri-ad. 

Dough-Making. — Generally  from  1^  lbs.  to  2  lbs.  of  distillers’ yeast 
taken  to  the  sack  (280  lbs.),  with  sometimes  a  little  brewers’  yeast  in 
addition.  Formerly  from  10  to  14  lbs.  of  lioiled  potatoes  were  also 
added,  but  this  appears  to  be  no  longer  the  rule.  Salt  from  3  to  3^ 
lbs.  per  sack.  The  slack  tin-bread  doughs,  containing  70  quarts  water 
per  sack,  are  frequently  made  by  hand,  and  fermented  at  a  temperature 
of  about  7C — 80°  F.  when  mixed:  they  lie  for  about  ten  hours,  and 
yield  about  104  loaves  per  sack. 

For  cottage  bread  the  dough  is  made  much  stifter,  about  00  quarts 
of  water  per  sack,  and  usually  allowed  to  ferment  at  a  higher  tem¬ 
perature,  so  as  to  be  ready  in  altout  six  hours.  These  tight  doughs  are 
generally  made  by  machinery,  or  else  the  dough  is  made  at  first  some¬ 
what  slack,  and  then  “  cut  back  ”  and  dusted  up  at  intervals. 

Fcofiomic  Advantages  and  Disadvantages. — All  labour  of  sponging 
and  extra  manipulation  saved,  bread  produced  in  less  time,  only  one 
blend  of  flour  and  one  doughing  operation.  An  increased  cost  results 
from  the  large  quantity  of  yeast  required  ;  also  number  of  troughs  and 
consequent  space  necessary  is  considerable. 

Character  oj  Bread — Appearance. — Very  red  and  fiery  in  crust,  not 
clear  in  the  partings  of  the  crust,  volume  fair.  When  used  for  cottage 
bread,  a  small  and  rough-looking  loaf  is  the  result. 

Yield. — Large,  the  high  proportion  of  yeast  enabling  the  Hour  to 
carry  considerable  quantities  of  water. 

Flavour. — Sw^eet,  but  somewhat  neutral  at  times,  and  even  harsh, 
when  fermentation  has  been  pressed  to  the  utmost  extent.  In  cottage 
bread  when  forced,  to  get  a  liig  loaf,  there  is  often  a  tendency  to 
sourness. 

Texture. — Poor,  loaf  devoid  of  silkiness  or  pile,  holes  of  aeration 
unequal,  and  cottages  small  and  close. 

Colour. — Dull,  and  devoid  of  sheen. 

Moisture. — High,  even  to  clamminess  in  some  loaves. 

Summary. — A  system  in  which  colour  and  apipearance  are  sacririced 
to  moisture  and  convenience  of  working. 

441.  Ferment  and  Dough. — As  the  term  implies,  this  bread- 
making  system  is  one  in  which  a  ferment  and  dough  are  enqiloyed. 

Types  of  Bread  made  by  Method. — Useil  very  lai-gidy  in  London  and 
the  South  of  England  in  the  manufacture  of  crusty  bread,  and  also  well 
adapted  for  tin  bread. 

Flours  Used. — These  should  b(!  fairly  soft,  anil  spring  Americans 
should  not  exceed  40  per  cent,  of  the  whole  mixture.  Of  hanl  wheat 
llour.s,  Pussians  .seem  to  suit  tliis  method  of  bri'ad-making  better  than 
the  spring  American,  owing  to  their  glutens  mellowing  down  more 
rapidly.  Some  bakers  who  work  by  this  method  claim  to  use  English 
wheat  Hours  to  the  exclusion  of  all  other  varieties.  Winter  American 
patents  and  also  Jlungaiian  Hours  answer  well  in  this  type  of  bread. 

The  B'erment. — This  most  fii'quently  consists  of  from  10  to  14  lbs. 
of  potatoes  to  the  sack,  boiled  or  steamed,  and  then  mashed  with  water 
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WO  as  to  yield  about  .3  ^uilloiis  of  liiiuor.  llrewers’ yeast  is  £re(iuently 
used  ill  ferments,  although  recently  distillers’ yeasts  have  been  similarly 
■worked.  The  ferment  is  “  ready  ”  in  alaiut  six  liour.s.  Various  sub¬ 
stances  are  employed  as  substitutes  of  potatoes  in  ferments. 

Dough-Making. — The  ferment  is  taken,  together  with  aliout  24r  to  3 
lbs.  salt  to  the  .sack,  water  over  all  to  the  extent  of  about  .'3G  quarts  to 
the  sack,  and  allowed  to  work  fairly  warm,  say  80—84°  F.  The  dou^di 
is  allowed  to  lie  for  various  times,  from  two  to  about  live  luiurs.  This 
will  depend  on  the  working  temperature,  character  of  Hour,  and  strength 
or  quantity  of  ferment  used. 

Economic  Advantages  and  Disadvantages. — After  the  labour  of  pre- 
paiing  the  ferment,  all  that  of  making  and  breaking  down  the  spongt^ 
is  avoided  ;  there  is  but  one  blend  of  Hour  required  ;  and  altogether 
the  cost  of  manipulation  is  very  little  more  than  that  of  oH-hand 
douglis  subsequent  to  the  ferment.  It  has  the  advantage  that  com¬ 
paratively  few^  troughs  are  necessary,  because  in  most  cases  each  can  be 
used  several  times  over  during  the  day’s  work.  The  yeast  re<juired  is 
not  high  in  amount,  but  the  potatoes  used  sensibly  increase  the  cost  of 
production,  and  from  their  dirty  character  are  a  nuisance  in  the 
bakery. 

Character  of  Bread — Appearance. — Loaf  is  usually  well  risen,  bear¬ 
ing  in  mind  the  class  of  flours  employed.  The  crust  is  rough,  inclined 
to  break,  and  usually  “short”  and  crisp  in  texture.  Is  bright  and 
<ilear,  except  when  too  strong  dark  flours  are  used. 

Yield.  Small,  because  soft  Hours  are  generally  employed,  say  about 
90  loaves  to  the  sack.  i  j  ^  j 

E/avour.~{iood,  and  particularly  suited  to  the  London  palate,  there 
jeing  considerable  sweetness.  As  in  all  cases  where  ferments  are  used, 
there  is  danger  of  “  yeastiness,”  unless  care  is  taken  that  the  ferment 
IS  not  allowed  to  stand  sufficiently  long  for  lactic  or  other  foreign  fer¬ 
mentation  to  proceed  unduly  at  the  close  of  the  alcoholic  fermentation. 

Texture.  Close  and  even  {i.e.,  holes  of  leration  regular),  but  not 
silky.  ' 

Colour.  Good,  with  nice  bloom  ;  crust  tendency  to  brownness,  but 
should  be  free  from  any  foxy  tint,  the  result  of  absence  of  very  hard 
flours.  Cruiidi  clear  and  bright,  but  comparatively  devoid  of  sheen. 

Fair,  when  bread  is  Hrst  made;  but  all  bread  of  this 
kind  has  .seen  its  best  twelve  hours  after  leaving  the  oven. 

Summary.  A  very  useful  system  of  bread-making,  well  adapted  to 
districts  where  bread  is  eaten  very  fresh. 


442,  Sponge  3,n(l  Dough.  -This  is  probably  the  most  vddely 
used  of  all  bread-making  methods,  and  evidently  therefore  adajits  itself 
•well  to  diversilied  requirements. 

Types  of  Bread  made  by  Method.— K\\\\ov,t  every  kind  of  bivad,  from 
the  tightest  crusty  bread  dough  to  that  for  the  slackest  tin  brc'ad,  may 
oe  niude  in  tliis  inaiinei*. 

Hours  f/W.— Practically  every  variety  of  bread  Hour  oH'ered  to  tlu! 
baker  can  be  utilised  in  this  method  ;  the  great  advantage  is  that  hard 
flours  can  be  used  in  the  .spong(>,  thus  giving  them  tlumidvantage  of 


340 


TIIK  SCIEXCK  AXI)  ART  OF  BRF.AD-MAKINO, 


long  f('i-iiipiitati()ii,  wliile  softer  flours  are  appro[)riately  worked  in  at 
tlie  dough  stage. 

Sponge  Making  or  “  Se//ing.” — A  lilend  of  liard  Hour  is  used  f(jr  this 
pui’pose,  and  a  (juantity  taken  e<[ual  to  from  a  quarter  to  a  lialf  the 
wliole  of  the  flour  to  be  used.  A  frequent  plan  is  to  take  a  bag  (140 
lbs.)  of  spring  American  patents  for  the  sponge,  and  a  .sack  of  home- 
milled  softer  flour  for  the  dough.  .Sufficient  water  must  be  taken  to 
make  the  sponge-dough  very  slack,  say  from  to  S  gallons  of  water  to 
the  100  lbs.  of  Hour.  Distillers’ yeast  is  now  most  frefpiently  employed, 
and  a  (juaiitity  may  be  taken  of  from  0  to  10  ounces  to  the  sack  of 
Hour  (over  sponge  and  dough)  ;  if  wished,  brewers’  yeast  may  be  em¬ 
ployed  instead,  but  the  (piantity  must  considei'al:)ly  vaiy  according  to- 
the  stnmgth  of  the  yeast.  A  little  .salt  is  usually  added  to  the  sponge, 
•say  about  I  lb.  to  the  sack.  Formerly  potatoes  were  occasionally  added 
direct  to  the  spong(>.  :  this  custom  seems  now,  however,  almost  ol)Solete. 
On  being  set,  the  s})onge  is  allowed  to  ferment  for  from  si.x  to  ten 
hours,  according  to  the  temperature,  (juantity  of  yeast,  character  of 
Hour,  and  other  considerations.  In  machine-bakeries  sponges  are 
usually  set  somewliat  stitfer  than  where  sjjonges  and  doughs  are  made 
by  hand. 

The  Dough. — The  sponge,  when  ready,  is  taken,  mi.xed  with  the 
remainder  of  the  Hour,  the  water,  and  the  salt.  Soft,  Havoury  Hours 
are  introduced  at  this  stage,  and  the  dough  allowed  to  lie  about  two 
hours.  The  .temperature  both  of  sjionges  ami  doughs  is  govei'ned  by 
how  soon  either  may  be  wanted,  the  atmosjiheric  temperature,  and 
other  considerations. 

Economic  Advantages  and  Disadvantages. — The  adaptability  of  this 
method  is  one  of  its  great  advantages,  and  also  the  readiness  with 
which  it  lends  itself  to  the  selection  and  use  of  any  variety  of  Hour. 
There  is  somewhat  greater  expense  in  working,  because  of  the  double 
handling  invcHved  in  working  the  sponge  as  well  as  the  dough.  It  is 
doubtful,  however,  whether  this  is  appreciable  in  the  hand-made  bn^ad 
bakery,  as  it  amounts  simjHy  to  making  the  dough  in  two  instalments 
in  the  same  trough — there  is,  in  fact,  an  advantage,  as  the  sponge  Houi" 
will  hav(i  had  time  to  soften,  and  get  to  woi’k  more  kindly  Ix'fore  the 
full  (juantity  is  worked  in  in  the  dough. 

Character  of  Bread — Appearance. — Almost  any  shape  of  loaf  is  well 
made  in  this  manner,  the  bivad  is  bold,  and,  generally  sj)eaking,  of 
good  aj)j)earauce. 

Yield.  — With  the  gteat  elasticity  of  the  system,  as  a  whole,  the  yield 
varif's  considerably  according  to  the  character  of  Hours  us(‘d.  Taking 
a  general  average,  93  to  HG  hxives  p(>r  sack  is  a  good  ju-ojmrtion.  If 
an  exc((ss  of  hard,  strong  Hour  is  u.sed  in  order  to  get  more  bread  than 
this,  the  tlavour  is  likely  to  suHer. 

Flavour. — One  of  the  essential  characters  of  this  type  of  bi-ead  is 
that,  if  w(dl  made,  it  embodies  to  jierhiction  the  natural  tlavour  of  the 
Hours,  without  any  adventitious  characters  introduced  with  foreign 
tlavouring  ingredients.  If  the  Hours  are  well  selected,  both  for  sjionge 
and  dough,  lluu-e  should  b(‘,  on  the  one  hand,  an  absence  of  that  “  raw¬ 
ness  ”  cliaractei'istie  of  urnh'r  fermentation,  and  of  any  har.shness 
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resulting  fruni  destruction  of  all  moistun'  ;uul  sweetness-oonferriTig 
constituents  l)y  over  fei'inentation.  ” 

Texture. — ihe  bread  should  have  a  good  pile,  crumb  even,  white, 
and  silky,  with  full  sheen  on  the  tihre  of  the  bread. 

Co/our.^'nw  crust  should  be  golden  brown,  without  foxiness  or 
abnormal  paleness.  In  the  crumb  tlu*  colour  advantage  of  the  class  of 
dour  used  should  be  fully  developed. 

j\Ioisiuf  e.  hi(‘ad  made  in  thi.s  mannei’  i.s  free  from  any  clammine.s.s, 
and  may  easily  pass  over  the  line  into  harsh  diTiiess — this,  however,  i.s- 
a  fault  that  shouhl  not  occur,  rather  than  a  necessity  of  the  method. 
From  the  very  even  sjionginess  of  the  bi'ead,  altlnjugh  when  fresh  cut 
it  nray  he  very  moist,  yet  it  tends  to  rapidly  dry  out  when  c-ut  slices 
are  allowed  to  lie  about.  But  when  properly  made,  this  bi-ead  i-etains 
its  moisture  in  the  uncut  loaf  remarkably  well. 

Su uu/iiiry.  An  interesting  jKjint  about  the  sponge  and  dough  method 
is  its  comparison  with  that  of  ferment  and  dough  ;  both  have  their 
advantages,  but  that  just  described  for  most  purposes  has  the  prefer¬ 
ence.  Comparing  bi’eads  made  by  the  two  methods,  ferment  ami  dough 
made  bread  is  at  its  best  when  (juite  fresh  ;  while  suitably  made  s2Jonge 
and  dough  bread  retains  its  eating  properties  considerably  longer. 


443.  Ferment,  Sponge,  and  Dough.  — This  i.s  essentially  a 
combination  of  the  two  immediately  preceding  methods,  and  is  fre¬ 
quently  cho.sen  where  brewei-s’  yeast  is  used,  as  the  ferment  exerts  a 
specific  and  valuable  action  on  yeast  of  that  description.  A  ferment 
eing  enifiloyiKl,  instead  of  adding  yeast  to  the  sponge  direct,  a  descrip¬ 
tion  of  the  sponge  and  dough  method  aiiplies  also  to  this  process.  One 
of  its  advantages  is  that  it  permits  more  indiviiluality  in  character  of 
the  liread  than  where  a  compressed  yeast  is  used,  which  can  be  freely 
purchased  by  any  baker.  AVhen  by  means  of  a  “ferment  ”  the  baker 
practically  makes  his  own  yeast,  he  becomes  liable  to  the  risks  as  well 
as  the  aclvantages  accruing  from  being  his  own  yeast  manufacturer. 
Ihis  method  is  freiiuently  associated  with  the  manufacture  of  patent 
yeast  by  the  baker  himself.  The  whole  of  the  various  methods  pre¬ 
viously  descrilied  are  .susceptible  of  the  .same  morlitications,  except 
off'liand,  cru.sty  bread  doughs,  which  would  rise  with 
dithculty  under  the  action  of  this  usually  comiiaratively  weak  yeast. 


444.  Flour  Barm,  Sponge,  and  Dough — Scotch  System. 

ihe  Hour  barm  is  practically  a  combination  of  the  making  a  baker’s 
inalt  and  hop  yeast  with  a  slow,  scalded  Hour  ferment.  The  preparation 
of  the  Hour  barm  has  been  fully  de.scribed  in  the  earlier  iiart  of  this 
work.  Chapter  XI I.,  paragraph  367. 

^^ppe  oj  Bread  made  by  Method.~T\x\.^  is  the  well-known  close-packed 
tecotch  brick,”  being  a  high  and  comparativelv  narrow  loaf,  iirepared 
iioni  touyh,  liard  Hour  of  the  liighost  class. 

Fbmrs  Used.— In  sponges,  strong  jiatents  or  straiglit  gradt's  from 
uluth  or  Bu.ssian  wheats.  In  doughs,  winter  Americans  and  .softer, 
but  .«til]  tough,  honie-iiiilled  Hours. 

Spauges.—Themi  are  known  as  “half”  or  “  (piarter  ”  sponges,  and 
oojisist  <jf  (;itli(‘r  the  lialf  oi*  quarter  of  tli(‘  whoh^  liijuor  eniploy(‘tl  to- 
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the  sack  of  tiour.  Tlie  requisite  quantity  of  Hour  barm  is  taken,  for 
wliicli,  linwever,  distillers’  yeast  may  he  substituted  witliout  materially 
alterini^  the  chai’acter  of  the  bread.  About  b  lbs.  of  salt  are  used  to 
the  sack,  one-si.\th  of  which  "oes  into  the  sponge. 

Doughs. — These  are  made  in  the  usual  way,  but  it  is  customary  to 
give  the  dougli  a  very  thorough  working  after  it  has  laid  some  time. 
One  of  tlu;  most  suitable  ways  of  doing  this  is  by'  passing  the  dough 
repeatedly'-  through  a  dough-brake. 

Economic  Advantag;es  and  Disadvantages. — The  cost  of  production  is, 
according  to  the  views  of  the  Scotch  baker,  veiy  low,  as  he  views  the 
yeast  as  costing  him  veiy  little,  the  dour  used  coming  back  into  the 
bread.  This  is  not  (|uite  correct,  because  a  certain  portion  must  have 
been  changed  into  alcohol  and  carlion  dioxide  during  fermentation  ; 
and,  again,  the  labour  of  preparation  must  cost  something. 

Character  of  Bread — Afpearatice. — The  appearance  is  attractive,  the 
loaves  are  high,  and  the  sides,  where  they  have  been  separated  from 
each  other,  have  a  very  smooth,  silky  appearance. 

Yield. — Large,  the  character  of  the  flours  used  permitting  this,  and 
also  the  fact  of  most  of  the  bread  being  clo.se  packed.  An  average 
yield  in  a  large  factory  has  for  some  months  been  as  much  as  101 
quarterns  per  sack. 

Blavour. — Characteristic,  and  marked  liy  the  presence  of  a  decided 
acidity  of  pure  and  pleasant  taste,  due  largely',  if  not  entirely',  to  the 
presence  of  lactic  acid.  The  large  quantity  of  salt  used  gives  a  saline 
character  to  the  taste,  immediately  recognised  by  the  English  palate, 
which  also  usually  misses  the  sweetness  generally'  found  in  the  best 
qualities  of  bread  made  in  the  south. 

Te.xture. — Scotch  bread  has  the  jau’fection  of  texture,  being  silky, 
with  large  bulk  and  pile,  and  small  regular  holes  of  leration. 

Colour. — The  long  system  of  baking  employed  gives  the  crust  a  dark 
brown  colour,  and  hence  the  bloom  of  crust  is  not  such  an  inqiortant 
eharacteristic  as  in  south  country  crusty  bread.  The  crumb  is  ex- 
c(“edingly  white,  but  has  conqiaratively  rarely  the  creamy,  yellow'  bloom 
seen  in  some  of  the  bread  made  in  other  localities.  The  sheen  of  the 
bread  is  remarkably  distinct,  the  hoh'S  having  a  rich,  full  glaze. 

Moisture. — Good,  and  the  bniad  keejis  remarkably  well. 

445.  Detailed  Examples  of  Preceding  Methods. — Follow¬ 
ing  are  accounts  of  ditlenuit  processes  of  bread-making,  culled  from 
various  sources  as  representing  the  details  of  methods  that  have  been 
or  are  actually'  in  use.  The  lirst  account  is  somewdiat  historical,  being 
given  in  a  liepoi’t  to  the  Si'cndaiy  of  State,  in  18(5 'J,  by  Ilennett,  as 
reprt'scmting  “London  Practice”  at  that  time.  It  will  be  readily' 
undm’stood  that  no  single  account,  or  even  a  number  t)f  accounts,  can 
cover  all  the  varieties  of  liread  made  in  so  vast  a  city  as  London.  Ihe 
whole  of  the  follow'ing  ([uantities  are  calculatc'd  to  a  sack  of  lU)ur. 

446.  Bennett’s  Account.  -The  femumt  is  made  about  twelve 
n’clock  in  the  day  in  the  follow'ing  manner-  nine  pounds  of  potatoes  are 
boiled  and  mashed  in  a  tub;  this  is  cooled  down  with  water  until  at  a 
t(“nq)eratur('  of  80°  F.  One  (juart  of  brew'cr  s  yeast  is  then  addl’d, 


15HEAIJ  MAKING. 


;U9 


togi'tlior  with  aljout  Uo  pounds  of  flour.  Fennontation  s(‘ts  in,  and 
completes  itself  in  about  si.\  hours.  At  the  end  of  that  time  the  sj!onge 
IS  made  l)y  adding  the  ferment  to  about  the  (juartcu'  of  the  total  iloul-, 
and  about  eight  gallons  of  watm- :  this  is  kneaded  and  allowed  to  fer¬ 
ment;  this  sponge  is  allowed  to  rise  once,  and  then  fall  and  rise  again  : 
on  the  top  of  the  second  rise  the  dough  is  made.  The  s{)onge  takes 
about  six  or  seven  hours  to  undergo  the  changes  mentioned.  To  the 
finished  sponge,  the  remainder  of  the  Hour,  about  three  pounds  of  salt, 
and  another  seven  or  eight  gallons  of  water  are  added,  making  altogether 
about  sixteen  gallons,  or  G4  quarts  to  the  sack  of  flour.  The  dough  is 
kneaded,  and  allowed  to  stand  from  one  to  two  hours.  It  is  then  scaled 
anil  moulded,  4  lbs.  G  o/-.  of  dough  being  taken  for  the  4  lb.  loaf :  the 
loaves  are  then  baked  from  two  to  three  hours.  The  yield  of  bread  is 
about  ninety-one  4  lb.  loaves  to  the  sack  of  Hour. 

tennett  s  estimate  of  the  time  the  bread  is  in  the  oven  is  enormous, 
and,  so  far  as  the  author  is  aware,  is  far  in  excess  of  that  now  adopted’ 
even  in  London,  where  bread  is  generally  kejit  in  the  oven  longer  than 
elsewhere. 


447.  Methods  with  Distillers’  Compressed  Yeasts.  — These 

are  now  largely  used,  and  the  following  represent  successful  London 
methods  of  workinu' : — 

o 

Method  without  Ferumit.  —  Sponge,  7  lbs.  best  jiotatoes,  boiled, 
mashed  with  about  30  quarts  of  water,  and  strained  into  trough.  This 
should  have  a  temperature  of  about  8.5°  F.  In  a  liowl  of  this  strained 
liquor  4  lb.  of  compressed  yeast  is  “dissolved,”  this  is  then  added  to 
the  rest  of  the  liquor.  From  a  quarter  to  a  third  of  the  Hour  is  next 
added,  and  thoroughly  mixed.  In  warm  weather,  |  lb.  of  salt  is  to  be 
added  to  sponge.  This  sponge  breaks  in  about  six  hours,  and  a.^aiii 
rises  in  another  hour.  Dough  is  made  by  adding  another  30  quarts  of 
water  at  85°,  in  which  either  the  3  lbs.  of  salt,  or  what  remains  of  that 
quantity  after  what  has  been  used  in  the  sjionge,  is  dissolved  The  rest 
of  tlie  Hour  is  added  and  the  dough  kneaded.  The  dough  is  allowed  to 
stand  from  half-an-hour  to  an  hour,  then  scaled  and  mould(>d. 

Method  zvith  Ferment. the  ferment,  7  to  12  lbs,  of  best  potatoes 


are  taken,  boiled,  mashed  in  a  tub  with  fi 


■oni 


to 


4  (|uarts  of  water 


when  cooled  down  to  85°  F.  2  lbs.  of  raw  flour  are  addial  and  1  pint  of 
brewers  yeast.  The  ferment  is  allowed  to  work  for  about  five  or  six 
liour.s,  and  in  about  seven  hours  the  sponge  is  set.  The  spomm  and 
dough  are  made  in  the  same  manner  as  before  described. 


448.  Birmingham  Practice.  -In  Birmingham,  l.read  is  com¬ 
monly  made  in  the  following  manner— no  ferment  is  employed  ■  the 
sponge  IS  made  with  about  3  pints  of  brewers’  yeast  to  the  .sack  of  llour 
and  IS  allowed  to  stand  for  about  ten  hours.  The  yeast  is  mostly 
ohtainei  from  small  public  breweries.  Salt  is  used  in  the  proportion  of 
about  2^,  lbs.  to  the  sack  ;  but  the  quantity  is  increased  or  diiidiushed 
according  to  the  .strength  of  the  llour.  In  hot  weather  French  and 
(.erman  (compressed)  yeasts  are  used  either  in  whole  or  in  part  as 
substitutes  for  brewers’  yeast.  When  compressed  yeast  aloni'  is  used 
tlie  sponge  is  allowed  to  stand  for  about  eight  hours.  The  use  of 
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potatoes  is  almost  discontinued  in  Dirniingliaiii,  as  tlie  bakers  tliei’C  are 
of  opinion  tliat  they  give  much  trouble  witliout  any  corresponding 
advantage. 

449.  Manch6St6r  Practic©. — Some  of  the  Manchester  bakers 
.still  use  a  potato  ferment,  but  the  practice  is  fast  dying  out.  Com- 
ju’essed  yeast  is  employed  almost  entirely  to  the  exclusion  of  other 
kinds.  Dutch  jxast  is  most  commonly  preferred,  of  which  1  lb.  is  used 
per  sack.  (Jne  tluixl  of  the  entire  water  is  used  in  the  sponge,  which  is 
made  very  light.  The  water  is  used  either  hotter  or  colder  according 
to  the  temperature  of  the  atmosphere,  but  no  attempt  is  made  to  tix 
the  temperature  other  than  by  the  judgment  of  the  workman.  In  two 
hours  the  sponge  begins  to  drop  :  3  lbs.  of  salt  are  then  dissolved  in 
the  remainder  of  the  water,  and  this,  together  with  the  remainder  of 
the  Hour,  is  mixed  in  with  the  sponge  in  order  to  prepare  the  dough. 
In  all,  about  75  quarts  of  water  are  on  the  average  used  to  the  sack  of 
Hour.  The  dough  after  standing  one  hour  is  weighed  otf,  and  is  usually 
baked  in  tins.  The  time  in  the  oven  is  one  hour. 

450.  Scotch  Practic©. — This  in  its  turn  differs  considerably 
from  English  modes  of  making  bread.  For  the  earlier  portion  of  the 
following  description  the  author  is  indebted  to  an  article  on  Scotch 
Sponging  in  the  “American  Miller,”  by  Thoms  of  Alyth.  'I’lie  author 
apj)lied  to  Mr.  Thoms  for  permission  to  use  his  .article,  ami  also  for 
dat.a  as  to  Scotch  methods  of  doughing  and  baking.  That  gentleman 
in  reply  sent  a  letter  which  is  so  valuable  that  the  author  thinks  it  the 
best  jHan  to  (pu)te  it  in  extenso. 

In  Scotland,  Hour  barms  .are  largely  used,  almost  to  the  exclusion  of 
other  forms  of  yeast :  the  preparation  of  these  barms  has  already  been 
flescribed.  The  b.arm  constitutes  the  fer'inent,  and  is  mixed  direct  into 
the  sponge.  Scotch  bakers  work  on  eitlHU-  the  half  or  (juarter  sponge 
system.  The  following  directions  for  sjtonging  are  (pxoted  from  Thoms’ 
article. 

451.  “Half  Sponge.  — Sponging  with  either  Virgin  or  Parisian 
barms  is  identical,  whether  the  sponges  are  half  or  quarter.  A  2S01bs. 
sack  of  Hour  recjuires  over  all  stages  of  fermentation  from  IG  to  IS 
gallons  of  liquor.  I  assume  here  that  the  I’eader  knows  all  about  stir¬ 
ring  a  sponge.  Il.alf  sponge  means  h.alf  of  the  total  liquor  in  sponge. 
For  every  live  or  six  parts,  whether  pints  or  gallons  of  licpior  in  half 
sponge,  we  give  one  part  of  either  of  these  barms.  The  temperature  of 
the  sponge  liciuor,  of  course,  varies  with  the  seasons,  ranging  from,  in 
summer,  7G°  F.  to  84°  F.  ;  in  winter,  from  90°  F.  to  98°  F.  ;  tlu^  sponge 
to  rise  twice,  and  be  on  the  second  turn  within  12  hours.  Also,  to  every 
gallon  of  li(juor  in  sponge,  when  using  water  of  ordinary  softness,  two 
oz.  of  salt,  and  the  rest  of  the  salt  considered  necessary  at  doughing 
stage.  Tlie  best  Hour  we  lind  for  sjionging  with  these  barms  is  Ameri¬ 
can  North-west  ‘Spring’  and  Russian  ‘Sti-aight’  grades.  Ob.serve,  not 
‘  l)ak(‘rs,’  which  means  ‘straight,’  or  one-run  Hour,  with  tlie  cream,  in 
the  shape  of  jiatent,  taken  out.  The  less  winter  wheat  Hour  used  in 
these  sponges  the  better ;  it  should  be  used  at  the  dough  stage.  Few 
varieties  of  winter  wheat  Hour  will  rise  twice  in  the  sponge  and  pro- 
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<luco  good  l)mid.  Many  of  tliem,  wlien  sponged  witliout  admixture, 
particularly  ‘  patents,’  will  not  rise  twice  with  the  purest  harm  or  pressecl 
yeast.  Limited  to  winter  wheat  Hour  and  half-sponging  with  these 
barms,  I  would  sponge  stiff  almost  half  the  total  Hour,  and  take  the 
sponge  on  the  Hrst  turn.  Sponging  with  strong  glutinous  Hours,  such  as 
Hard  Spring  and  Kussian,  I  would  use  only  about  one-third  of  the  total 


stages , 


that  is,  the  half-sponge  here  referred  to  is 


Hour  required  in  all 
■only  a  fair  working  stiffness 

452.  “Quarter  Sponge. — This  system  is  found  most  convenient 
where  machinery  is  used  (the  half  sponging  where  hand  labour  is  em¬ 
ployed  tor  sponging  and  doughiiig),  and  means  1  of  the  total  liquor  for 
a  known  ijuaiitity  of  flour  in  the  Hrst  stage,  instead  of  ^  as  in  half- 
sponging.  Quarter-sponging  is  done  in  tubs.  Sponge  for“  one  sack  of 
Hour  requires  a  tub  of  50  gallons  capacity.  Say  we  wish  quarter-spono-e 
ready  for  doughing  at  4  a.m.  tomorrow,  then  at  2  p.m.  to-day  we  take 
—for  making  about  one  sack  of  Hour  into  bread— 3  gallons  water,  U  or 
I4  gallons  barm,  and  six  oz.  salt,  and  mix  these  with  the  necessary  Hour 
into  a  sponge  as  stiff  as  batch  dough.  In  12  hours,  or  2  a.m.  to-morrow 
the  siwnge  will  be  turned,  the  Hrst  time  4  an  inch,  then  we  break  in  or 
up  with  machine  or  hands  the  quarter  with  12  gallons  more  water 
lbs.  or  1]  lbs.  more  .salt,  and  add  enough  flour  to  form  a  very  weak 
sijonge.  This  will  ri.se  again  111  the  tu!)  and  be  on  the  turn  in  about  2 
hours,  or  4  a.m.,  when  the  remainder  of  the  salt  necessary  is  dissolved 
in  2  gallon  water,  and  dough  made.  Many,  and  especially  in  cold 
^\eather,  do  not  dis.solve  tlie  .salt  in  water,  but  simply  sprinkle  the  salt 
over  the  sponge  in  the  machine  or  trough.  It  will  be  observed  that  in 
neither  the  half  nor  quarter  sponges  is  there  ferment  or  potatoes  used. 
The  barm  IS  the  ferment,  and  is  added  direct  to  the  sponge  For 
regulating  fermentation  in  warm  weather,  in  addition  to  colder  water 

®  quantity  of  barm  or  yeast,  and  in  cold 

weather  to  increase  it. 

«  and  Baking.— Here  follows  Mr.  Thoms’  letter— 

My  article  in  the  ‘American  Miller’  on  ‘Flour  Barms  and  Sponging’ 
leaves  off  with  the  sponges  ready  at  4.0  a..m.  Let  us  suppose  the 
p  nges  bioken  111  ---the  technical  term— with  the  necessary  salt 
and  water,  we  then  mix  in  the  flour.  Yes  !  but  what  Hour  I  Sprin- 

^ouTrh''^?V"l  sponges,  and  wliat  we  will  use  in 

dough  will  depenc  on  the  price  for  the  Hour,  the  price  for  bread,  and 

vilm  ‘^1  be  crusty  as  in  England,  or  close  packed,  high 

^olumed  and  silky  skinned  as  in  Scotland.  In  England  I  might  use 
inter  American  Hour  in  dough,  here  not  more  than  half  Winter— 
souml^.  M  hat  home  grist  we  have  goes  into  the  dough,  together 
with  part  Spring  Hour.  Indian  wheat  is  going  largely  into  En-dish 
grist,  but  I  would  prefer  the  Indian  in  sponge!  I  !loubt  tie  dou^^h 
stage  being  long  enough  to  allow  the  hard  gluten  of  Indian  wln^at  time 

wonhi  l  ^  bydrate  and  soften  [peptonise]  ;  without  which  the  bread 
would  be  harsh,  low,  dry  .soon,  &c.,  Ac. 

A  duughs,  of  whatever  flours  composed,  will  be  made  by  4.30  or 

.40  A.M.,  and  are  allowed  to  lie  for  ^  hour,  then  turned,  dry  dusted. 
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and  kneaded  from  one  end  of  tlie  trougli  to  the  other  and  Ijack  again  ; 
and  in  another  |  liour  or  so,  or  about  G.O  a.m.  they  are  thrown  out  and 
scaled  off.  Wliere  kneading  macliines  are  employed  the  dough  should 
have  more,  mixing,  in  order  to  knock  out  proof  before  throwing  or 
turning  out.  How  do  you  know  when  it  is  ready  to  throw  out  and 
scale  off?  \Ye  judge  only  by  feel  and  smell.  The  dough  should  feel 
tight,  lively,  and  resistant,  tear  easily  ;  and  the  rent,  on  tlie  head  being 
held  down  and  <a  deep  inspiration  taken  through  the  no.se,  should  show 
carbon  dioxide  in  volume  nearly  sud'ocating,  accompanied  by  a  slightly 
vinous  odour. 

“If  scaling  off  begins  at  6.0  a.m.,  moulding  the  loaves  may  begin  at 
about  6.30  or  6.45.  This  refers  to  medium  slack  doughs  for  close 
packed  bread  ;  stiff  doughs  require  longer.  After  moulding,  the  medium 
slack  loaves  are  allowed  from  1  5  to  30  minutes  to  prove  in  the  boxes, 
and  then  run  into  the  oven.  Htiff  dough,  again,  recjuires  longer  proof  ; 
and,  excejit  in  summer,  the  boxes  holding  the  moulded  loaves  are 
slightly  heated. 

“  The  time  in  oven  for  4  lb.  close-packed,  squai’e  loaves  is  two  hours, 
and  the  best  baking  temperature  400’  F.,  while  the  bread  is  baking. 
For  2  lb.  square  loaves,  the  same  temperature,  time,  li  hours;  these 
data  refer  to  both  steam  and  (Glasgow  ovens  coke  heated  inside.  A 
higher  temperature  and  shorter  time  we  find  carbonises  the  top  and 
bottom  crusts,  while  the  crumb  in  the  heart  of  the  loaf  is  more  or  less 
raw.  Crusty  loaves,  4  IVis.,  slightly  packed,  temperature  al)Out  the 
same  or  a  little  le.ss,  380°  to  400°  F.,  and  time,  U  hours;  2  lb.  crusty 
loaves,  same  temperature,  time,  1  hour.  These  are  not  the  shortest 
times  in  which  the  various  breads  can  be  baked,  only  what  experience 
has  shown  me  to  be  the  best.  The  baking  heats  refer  to  the  time  while 
the  breads  are  in  the  oven.  If  the  fires  are  lighted  at  4.0  a.m.,  it  will, 
of  course,  be  necessary  to  heat  the  ovens  higher  than  that  ;  how  much 
higher  will  dej)end  on  the  heat  of  the  ovens  before  lighting  the  tires. 
On  IVlondays  we  go  higher  than  on  other  days  ;  the  steam  ovens  we 
heat  up  to  480°  F. ;  the  ovens  heated  with  coke  or  coal  inside  we  heat 
up  to  550°  F.  r>y  the  time  tin?  batches  are  ready  to  go  in  they  well 
have  cooled  down  to  420  —  30°  F.,  and  by  the  time  the  batches  are 
actually  in  they  will  show  a  temperature  of  410 — 15°  F.” 

454.  Wilding’s  Bread-making  Directions. ^The  following 
particulars  as  to  bread-making  by  different  jirocesses  are  quoted  from 
the  First  Prizes  Examination  Papc'r  written  by  William  John  Wilding, 
for  the  Fakers’  National  Association  annual  examination  in  1894. 
They  are  introduced  here  for  two  rea.sons  :  one,  their  value  as  being 
one  of  th(!  most  recent  practical  bakt'r’s  contributions  on  this  subject ; 
and  secondly,  as  an  illustration  of  the  good  work  being  done,  by  the 
Association  in  di.sseminating  useful  knowh'dge  among  members  of  the 
baking  ti-ade.  The  prices  given  may  be  taken  as  those  ruling  at  Mid¬ 
summer,  1894. 

A. — F(‘rment  and  Dough. 

F. — Sponge  and  Dough.. 

C. — Ulf-hand  Dough. 
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A.  Set  ferment  for  one  sack  flour,  280  lbs.,  with  2  -allons  water  1 
lb.  3’east  (distillers’),  2  lbs.  llour,  2  oz.  sui^ar.  W  * 


6' 

len 


"  ,  '  ,  ,  ,  ,  _ . ’  “  •  »*  lieu  stirred,  the 

temperatun' should  be  about  <0°  F.,  let  stand  one  hour,  or  till  it  has 

settled  down  in  tub.  Make  dough  with  12  galls,  water,  or  sutlicient 
watm-  to  make  a  nice  dough,  2]-  lbs.  .salt,  >  lb.  “diastase,”  and  sack  of 
Hour  ;  temperature  of  dough  to  be  78  to  80°  F.  When  made,  should 
stand  three  hours  or  so,  or  till  ready  to  throw  out ;  or  it  may  lie  cut 
back,  but  this  class  of  dough  need  not  b(‘  cut  back  if  it  is  proiierlv 
made;  althougdi  it  will  improve  it  by  doing  so.  When  ready,  throw 
out.  scale  and  mould  on  bench,  prove  for  Hve  minutes,  then  mo\ild  into 
boxes  M  hen  all  moulded,  put  tops  on,  and  place  on  plate. 

Ju  feet  sponge'  for  one  sack  of  Hour,  with  7  galls,  water,  i  lb.  yeast 
,  lb.  .sa  t  ni  summer,  stir  with  about  80  to  90  lbs.  flour,  tmiiperature 
when  stirred  in  .summer,  little  warmer  in  winter;  ready  in  aliout 
eiglit  hours.  3Iake  dough  with  seven  more  galls,  water,  h  lb.  diastase 
or  malt  extract  and  3J  lbs.  salt  (this  quantity  is  higher  than  is  usually 

^  '''ell  the  flavour 

of  the  loaf  will  be  rather  insipid,  having  no  flavour  of  .salt  nor  of  sugar) 
This  dough  should  be  cut  back,  and  will  be  ready  to  throw  out  in  A  o,- 
-  hours,  reniperature  of  dough  when  made  76  to  80°  summer.  Scale 

and  mould  clear,  using  a  little  more  labour  in  the  moulding  than  the 
preceding  one. 

sack,  using  all  the  liquor  of  course,  about  14  galls.  2  lbs 
yejist  (distillers’)  2]  salt  or  2^  in  summer,  f  lb.  malt  extract.  ’  Make 
into  dough,  which  shouhl  be  about  78°  F.  Cut  back  every  two  hours 
until  It  has  been  made  eight  hours,  when  it  should  be  ready  to  throw 
out.^  jMould,  and  let  it  prove  before  going  into  oven. 

No.  A  Cost  of  flour  blended  so  as  not  to  contain 
very  much  hard  flour,  say  one  jiart  English,  one  St.rin- 
American,  patent  the  other  part,  half  and  half  of  liuir- 
garian  and  Californian,  cost,  say 
1  lb.  yeast 

feugar  and  malt  extract  and  salt 
Fuel  ... 

Labour 


£1 

0 

0 

0 

0 


4 

0 

0 

0 

o 


0 

6 

6 

4 

6 


Cost  of  sack  of  flour  made  into  bread 


n  r'  i.  ea - -  y-  .uu,uc  into  oreaa  ...  £1  7  iQ 

thi/wn  n  f  Spring  American  patent  (part  of 

itlone  required  for 

S.l  I  ^  ""“"I  Hungarian.  This  would  all  be  used  in  the 


10 


dougli, 
than  A. 


cost  25s. 


.  o  ttii  ue  ufeeu  HI  tile 

us  mixture  should  yield  more  loaves  to  the  sack 


Flour  .. 
Labour 
Yeast  .. 
Diastase 
Salt 

Fuel  . . 


£l 

0 

0 

0 

0 

0 


b 

2 

0 

0 

0 

0 


0 

9 

3 

3 

li 

4“ 


£1  8  81 
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C.  Flour,  one  part  Sjuing  American  j)atent  and  Winter  American 
patent,  two  parts  Englisli,  one  jjui't  Hungarian,  cost  24s. 


Flour  ... 
Labour 
Yeast  ... 
I)iastase 
Salt 

Fuel  ... 


£14  0 

0  2  9 

0  1  0 
0  0  4i 

0  0  1“ 
0  0  4 


£1  8  6^ 

A  costs  £1  7  10  ^Materials,  labour,  &c. 

B  ,,  18  8^  ,,  ,, 

C  „  18  6^ 

A.  T1  le  bread  w'ould  be  fairly  small,  with  a  sweet  flavoui',  more 
pleasant  to  the  taste  than  the  eye  The  cost  of  production  is  low  ;  I 
average  it  2s  6cl  for  labour,  that  is,  reckoning  a  man  at  30s  jier  week 
to  do  two  sacks  a  day.  Of  course  this  is  heavy  work,  but  more  as  a 
comjDarison. 

13.  Tlie  bread  -would  be  larger,  better  “  pile,”  the  Havour  more  acid 
and  salty.  The  loaf  should  look  well,  lial)le  to  be  slightly  fo.\y  if  not 
properly  treated.  Labour  hire,  2s  9d  ;  also  flour,  25s. 

C.  The  bread  -will  be  rather  small  but  sweet,  with  a  very  small 
(juantity  of  salt.  In  labour,  higher  than  “A”;  also  more  yeast  and 
yeast  food  or  diastase. 

F)  would  produce  more  loaves  to  the  sack  than  A  or  C,  therefore 
making  uj)  for  higher  price  Hour.  C  would  j^roduce  less  than  A,  so 
therefore  the  value  of  the  thrc'e  will  not  vaiy  veiy  much.” 


REVIEW  OF  PANARY  FERMENTATION. 


455.  It  is  proposed  in  the  succeeding  paragi'aphs  to  consider  the 
nature  of  tlie  chemical  changes  which  occur  during  liread  or  panary 
(from  panis,  bread)  fm-mentation.  Suggestions  will  also  be  made  as  to 
possilile  improvements  in  methods  of  carrying  out  the  various  processes, 
with  the  hope  that  they  may  lead  to  the  avoidance  of  those  causes  which 
result  in  the  production  of  bad  or  inferior  bread. 

456.  The  Ferment.  —Potatoes,  termed  by  the  baker  “fruit,”  con¬ 
stitute  the  principal  ingredient  of  the  ferment  ;  their  composition  is 
indicated  in  the  following  analyses.  No.  1  Avas  grown  with  mineral 
manurii,  No.  2  with  a  rich  nitrogenous  manure  : — 


Water,  ... 

Starch,  ... 

Proteids, 

Dc.Ntrin, 

Sugar,  ... 

Fat, 

F.Ntractive  INlatter, 
Cellulo.se, 

Ash, 


No.  1.  No.  2. 

71)40  75-20 

14-91  15-58 

2-17  3-GO 

2  34  1-29 

0-15  1-11 

0-29  031 

1-70  1-99 

0-99  1-03 

1-00  0-90 
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Kdu.hIiIv  speaking,  a  potato  contains  tlifee  quarters  of  its  W(>i.dit  of 
water  and  about  k)  per  cent  of  starcl.  ;  the  remainder  l.eing  made  ui. 
of  sma  1  percentages  of  proteids,  .lextrin,  sugar,  and  oti.er  substances. 
On  Kin-,  boi](a  ,  the  starch  is  gelatinised,  and  on  mashing  the  potatoes 
kigetlier  with  the  liquor  in  which  they  have  been  boiled,  a  starch  paste 
IS  tornied,  containing  also  considerable  (piantities  of  dextrin  and  su-ar 
and  what  is  ot  great  importance,  soluble  nitrogenous  compounds  Yeast 
on  being  sown  in  this  medium  sets  up  an  active  fermentation,  largely 
due  to  the  su^gar  already  present,  together  with  the  strong  niti’ogenous 
imulant  In  Chapter  XT.  it  has  been  demonstrated  that  the  fermen- 

T t  n IT  Altered  potato  water  as  in  the  mash. 

It  must  also  not  be  forgotten  that  yeast  alone  is  incapable  of  induciim 
dia.st.isis  in  starcli  paste.  Consequently,  any  unaltered  starch  suffers 
h  e  change  in  a  ferment  containing  only  boiled  potatoes  and  yeast. 

in  tl  Til  the  yeast  induces  a  change 

the  hour  proteids,  in  virtue  of  which  they  become  somewhat  active 

h\di  oh  sing  agents,  and  so  the  potato  starch  is  indirectly  converted  in 
pai  into  .sugar.  The  yeast,  when  sown  in  a  fVrment,  multiplies  by 

the'Tflf  smaller  ipiantity  of  yeast  is  enabled  to  do 

the  attci  work.  A  large  proportion  of  the  starch  of  the  potato  still 
leiiiams  unchanged  at  the  close  of  the  fermentation  of  the  ferment  •  so 
ako  the  nitrogenous  matter  of  the  potato  in  great  part  remains.  When 
the  feinumt  is  added  to  the  .sponge,  the  smaller  quantity  of  yeast  not 
only  does  more  work  because  of  its  having  had  the  opportunity  5  growth 
aiul  reproduction  in  the  termmit,  but  also  because  the  nitm.^enous  matter 
of  the  potato  still  acts  as  a  yeast  stimulant  in  the  .sponge:  X  actk^ 
iliect  of  ],otato  water  alone  shows  that  this  stimulating  action  of  the 

rTr;? ’>eontire]ya.scribed  to  the  starch  pre.sent 
hiom  the  active  stimulating  nature  of  the  nitrogenous  matter  of  potatoes 
on  yeast,  it  .seems  proliable  that  that  matter  consists  of  nitrogen  in  .some 
other  form  than  albuminous  compounds.  Summing  up  the.se  chamms 

CtS'i”  ofThp  IT  .““S  yeast  acts  on  the  eolnble 

proteids  Of  the  flour  and  enables  them  to  effect,  to  a  limited 

xtent,  diastasis  of  the  starch  :  this  results  in  the  production 
of  a  saccharine  medium  in  which  the  yeast  grows  and  re- 

notaT*^^*f  further,  the  soluble  nitrogenous  matter  of  the 
potato  acts  as  an  energetic  yeast  stimulant 

It  is  e.ssential  that  the  potatoes  used  in  the  ferment  bo  .sound  •  they 
J  oil  ,1  iirst  of  all  li..  washed  absolutely  clean.  A  common  j.ractice  is 
to  place  hem  in  a  pail  or  tub,  with  water,  and  scrub  them  with  an 
Mhnary  bass  broom  ;  this  tr'eatment  is  inelKcient,  as  potatoes  .served 
this  way  stil  retain  a  considerable  amount  of  dirt.  The  potatoes 

Mwe  in  order  to  separate  the  skins.  P,y  far  the  best  iilan  to  dean 
ffitatoes  IS  by  means  of  a  machine,  of  which  the  following  typ,*  answms 

r.  na  t  ,,‘'r  r'  nr”;  .ihaa;  , 

outci  tub,  in  which  is  tixed  a  vertical  revolving  brush  ■  the  not-, 

■  flectu.illy.  I  he  dirt  is  removed  and  also  a  'mod  deal  of  tlie 
u  01  skin,  while  the  interior  of  tlie  iiotato  remains  int?ict.  Tivated  in 
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tlii.s  maimer  tlie  potatoes  have  only  just  the  sliolitest  film  of  skin  to  he 
rmnoved,  after  boiling,  hy  means  of  the  sieve*.  In  the  next  place,  the 
])an,  or  other  vesse*!  used  for  boiling  the  potatoes,  should  be*  kept  ch'an  ; 
this  is  only  done  by  its  being  waslu'd,  drained,  and  vvi[)ed  dry  every  <lay. 
Not  only  the  potatoes,  Init  the  \vat(*r  in  which  they  are  boiled,  should 
be  (juite  clean  enough,  if  need  be,  to  go  into  the  bread.  At  jiresent, 
many  bakers  steam  their  potatoes  in  preference  to  boiling  :  this  modifi¬ 
cation  is  cleanly  and  convenient.  The  jiotatoes  are  placed  in  a  metal 
work  cage,  which  in  its  turn  is  placed  in  a  box  arrangement,  through 
which  steam  is  conducted  from  a  boiler  :  when  sutticiently  cooked,  the 
cage,  together  with  the  potatoes,  is  lifted  out,  and  its  contents  poured 
on  to  a  sieve.  The  ferment  should  be  rapidly  cooled  to  the  pitching 
temperature  of  aliout  80°  F  in  summer,  and  85°  in  winter  :  in  summer 
it  is  very  important  that  the  baker  should  throughout  conduct  his 
fermentation  at  as  low  a  temperature  as  possible.  During  the  time 
that  a  ferment  is  working  the  temperature  should  be  kept  even  :  for 
this  jmrpose  select  a  place  in  the  bakehouse  free  from  draughts  oi* 
exce.ssive  heats. 

At  present,  hour,  together  with  malt  extract  anrl  a  number  of  other 
materials,  are  being  used  as  substitutes  for  potatoes  in  ferments. 

457.  Panary  Fermentation.  -The  consideration  of  the  division 
of  this  process  into  sponging  and  doughiug  may  be  postiioiu'd  until 
after  a  study  of  the  nature  of  the  changes  occurring  during  panitica- 
tion  as  a  whole.  A^east,  Hour,  and  water,  at  a  suitable  temperature, 
on  being  mixed  so  as  to  form  a  dough,  immediately  b<*gin  to  react  on 
each  other.  The  Hour,  it  must  be  remembered,  contains  sugar,  starch, 
and  both  soluble  and  insoluble  proteids.  The  yeast  consists  essentially 
of  saccharoinyces ;  but  liacterial  life  is  also  jiresent  in  greater  or  less 
quantity,  not  only  in  the  yeast  but  also  in  the  Hour.  The  yeast  rapidly 
sets  up  alcoholic  fermentation,  thus  causing  the  decomposition  of  the 
sumir  into  alcohol  and  carbon  dioxide  gas  ;  the*  latter  is  retained  within 
the  dough  and  causes  its  distension.  Functioning  in  dough,  no  repro¬ 
duction  of  the  yeast  occurs  ;  after  a  time  the  y(*ast  cells  disappear 
through  the  degradation  and  ru|)tur(*  of  their  walls.  In  addition,  the 
yeast  attacks  the  proteids  present,  ellecting  changes  in  them  which  are 
similar  to,  if  not  identical  with,  the  earlier  processes  of  digestion. 
Albumin  and  its  congeners  are,  in  fact,  more  or  less  peptonised.  The 
gluten,  from  being  hard  and  india-rubb(>r  like,  becomes  softer,  and 
within  certain  limits  more  elastic;  but  if  fermentation  be  allowed  to 
proceed  too  far,  the  gluti'ii  softens  .still  furtlu'r,  ami  its  peculiar  elasticity 
in  great  part  disappears.  It  is  uncertain  to  what  extent  these  changes 
in  the  gluten  are  due  to  the  .specilic  action  of  yeast,  as  they  also  occur, 
although  more  slowly,  in  Hour  which  has  simply  been  mixed  with  water. 
It  has  been  already  explained  that  under  the  action  of  yeast  the  al¬ 
buminous  bodies  of  Hour  acipiire  the  power  of  ellecting  the  diastasis  of 
starch  ;  this  compound  is  con.sociuently  to  some  extent  converted  into 
dextrin  and  maltose  during  paniiication.  The  amount  of  starch  so 
hydrolysed  d<*pends  largely  on  tlu*  soundness  of  the  Hour,  in  addition, 
the  diastase  of  the  Hour  itself  will  probably  have  some  action  in  inducing 
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stiuvli  conv.n-sion.  Tlic  lower  tlie  -rade  of  the  Hour,  tlie  more  raw 
Xnim  (hastase  it  usually  contains.  Wlion  potatoes  ai'(‘  used,  wlietlior 
as  a  terment  or  as  a  direct  addition  to  tlie  Hour,  they  furnish  .soluble 
•stiu'ch,  and  also  act  as  a  nitrogenous  yeast  stimulant.  AVhile  the  yeast 
etiects  important  changes  in  the  allaiminous  compounds  of  Hour 
i'.xperiments  made  and  described  in  Chapter  XI.  show  that  little  or  no 
g'as  Ls  evolvinl  as  a  comsispience  of  such  changes.  The  gas  produced  in 
dough  during  bread-making  is  the  result  of  normal  alcoholic  fermenta¬ 
tion  of  sugar  by  the  yeast.  Summing  up  the  changes  produced 
they  are  alcoholic  fermentation  of  the  sugar 
softening  and  partial  peptonising  of  the  proteids,  and  a  limited 
diastasis  of  the  starch  by  the  proteids  so  changed. 

So  much  for  the  action  of  yeast  on  dough.  The  next  point  of  im¬ 
portance  IS  the  effect  produced  by  such  other  organisms  as  may  be 
present.  The  principal  one  of  these  is  the  lactic"/w/////.r ;  under  its 
inHuence  the  sugar  of  the  dough  is  converted  into  lactic  acid.  Either 
the  organism  itself,  or  the  acid  produced  bv  its  action  on  sugar,  has  a 
sotteinng  and  dissolving  effect  upon  gluten.  Opinions  diHer'as  to  the 
desiralnlity,  or  otherwise,  of  the  presence  of  lactic  ferments  in  yeasts 
used  for  bread-making.  It  has  already  been  exjilained  that  their  beimr 
found  111  any  but  the  smallest  quantity  in  lirewers’  or  compressed  yeasts 
IS  an  unfavourable  sign,  as  they  show  that  due  care  has  not  lieen^aken 
in  the  manufacture  of  the  yeast;  for  that  reason  their  presence  is 
deemed  unfavourable.  In  .Scotch  Hour  barms  the  presence  of  lactic 
ternients  in  not  too  great  amount  is  deliberately  encouraged  ;  experience 
liaving  shown  that  if  the  barms  be  breweil  so  as  to  exclude  these 
organisms  such  good  bread  is  not  produced.  In  Scotch  bread-inakim^ 
^ery  hard  and  stable  Hours  are  used;  the  lactic  ferment  doiss  miod 
service  in  softening  the  gluten.  It  is  possible  also  that  during  the  hni- 
peiiod  of  sponging  and  doughing,  the  changes  induced  by  the  lactic 
terment  may  cause  slight  evolution  of  gas;  but  so  far  as  actual  au-atioii 
of  tlie  dough  IS  concerned  this  may  be  viewed  as  a  negligeable  quantity 
It  nuist  be  reniembeind  that  the  souf^con  of  slight  buttermilk  Havour  is 
a  valui-d  characteristic  of  Scotch  bread.  I  n  bread-making,  as  conducted 
iiv  mosT  English  processe.s,  particularly  with  .soft  Hours  having  but  little 
•stalnlity,  there  .seems  no  u.seful  function  which  the  lactic  ferment  can 
peiform;  its  absence  is  therefore  rather  to  be  desired  than  its  presence. 

A  yeast  may  contain  other  organisms  in  addition  to  tho.se  just  men- 
lonei  ,  these  are  capable  of  iiiducing  changes  of  a  far  more  serious 
nature  than  does  the  lactic  ferment.  Among  these  tluuv  are  the 
nganismis  which  cau.se  butyric  and  putrefactive  fermentation.  That 
>arie  of  tlie  .aker,  sour  bread,  is  commonly  ascribed  to  the  action  of 
‘tlier  lactic  or  acetic  fermentation  ;  it  i.s,  however,  far  more  jirobable 
lat  this  unwelcome  change  is  due  to  incipient  putrefactive  and  butyric 
termentation  ;  since  the  odour  of  a  sour  loaf  is  very  different  from  that 
J  nthei  the  vinegar-1  ike  smell  of  acetic  acid  or  the  buttermilk  odour 

I  actic  acid.  I  he  souring  takes  place  mori'  usually  in  the 

•'lead  rather  than  in  the  dough. 

In  order  to  produce  a  healtliy  fernieiital ion  in  dough,  healthy  yeast  is 
'  vital  importance:  purity  from  foreign  organi.sms  is  desirable  (saving, 
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perliaps,  a  small  pi'0[)ortion  of  lactic  ferment  in  llciur  liarms),  Imt  above 
all  the  yeast  itself  must  he  active  and  in  ^ood  condition,  (liven  a 
yeast,  vliich  contains  a  certain  j)ercentage  of  foreign  ferments,  those 
ferments  will  he  held  in  abeyance  while  the  yeast  itself  is  energetic  and 
healtliy.  IJakers  are  often  puzzled  by  microsco})ic  obsei'vations  of  yeast ; 
theyf  find  that,  of  two  yeasts,  oms  produces  sour  and  the  other  a  good 
bread,  and  yet  that  the  two  contain  about  the  same,  (piantities  of 
di.sease  ferments.  They  are  consecjuently  very  aj)t  to  des})ise  any  con¬ 
clusions  they  may"  have  drawn  from  microscopic  observations  ;  but  the 
ditference  in  such  cases  lies  in  the  yeast  itself  :  the  one  will  be  healthy 
the  other  w"eak  and  languid.  Quoting  again  fx’om  i)reviously  described 
experiments,  in  the  same  sample  of  wort,  divided  into  two  ])ortions, 
the  one  only"  of  which  was  sown  with  yeast,  and  both  equally'  exposed 
to  the  ail',  it  was  found  that  in  the  presence  of  y'east  life,  bacteria  refused 
to  develop,  while  in  its  absence  tliey  reproduced  with  enormous  rapidity. 
In  the  same  way'  the  healthy'  y'east  suspends  the  developments  of  bacteria 
in  dougli,  w'hile  the  yeast  being  weak  and  almost  inactive,  bacterial  life 
flourishes  apace.  E.xamination  would  reveal  that  in  most  cases  of 
unhealthy  panary'  fermentation  the  fault  is  as  mucli  due  to  the  yeasl 
itself  as  to  the  abnormal  presence  of  foreign  ferments. 

458.  Sponging  and  Doughing.  Tliis  division  of  the  process 
of  panary  fermentation  into  two  distinct  steps  is  of  extreme  interest. 
The  origin,  and  reasons  w  hich  h'd  to  the  adoption,  of  this  mode  of 
procedure  are  probably  due  to  tlie  exigencies  of  dough-kneading  by- 
hand  For  oven  when  using  (lour  from  the  lot  which  lias  lieen  placed 
in  his  irougli,  the  ladcer  usually  elects  to  work  a  part  of  it  into  a 
sponge  lirst.  The  reason,  or  at  least  one  reason,  is  that  the  dough 
softens  on  standing,  and  therefore  there  is  less  work  involved  in  mixing 
in  the  Hour  in  two  iustahnents  than  in  one,  as  the  Hrst  lot  will  have 
got  considerably'  softer.  Further,  very  little  exjierimental  woi'k  in  this 
direction  will  have  shown  the  baker  that  In^  I'equirc'd  to  us('  less  yeast, 
and  got  b(‘tter  I'esults  when  working  in  this  way.  Hence,  doubtless,  for 
original  reasons  sucli  as  these,  the  division  of  bread-making  into  sponge^ 
and  dough.  Independently  of  (his,  they  have*  for  other  rt'asons  a  most 
important  scientitic  justilication.  'fhe  I'i'ader  will  by  this  time  be- 
familiar  with  the  division  of  Hours  into  strong  and  weak  varieties. 
Th(‘  various  tests  given  in  a  preceding  chapter  show,  not  merely  that 
OIK*  Hour  absorbs  more  wati'r  than  another  to  form  a  dough  of  standard 
stillness,  bur  also  that  some  tlours  fall  off  far  more  rajiidly  in  stitfness 
than  do  others  when  kept  in  the  condition  of  dough.  Then*  an* 
th(‘refor(*  two  distinct  properties  hen*  to  be  considered  in  |■('lation  to 
Hour,  (he  absolute  quantity  of  water  it  absorbs,  and  also  the  rate  at 
which  slackening  goes  on  during  paniticalicm.  I{ememb(>ring  tin* 
previous  delinition  of  water-absorbing  powcu',  the  relative  capacity’’ 
of  resistance  of  flours,  to  a  falling  ofl'  in  v/ater-retaining 
power  during  fermentation,  may  appropriately  be  termed 
their  “Stability.”  As  a  ruh*,  the  strong  Hours  are  also  the  more* 
stable,  but  this  does  not  nec(‘ssarily  hold  good  in  .-ill  cases.  It  has 
been  aln'inh'  ('xplained  that,  for  (he  pro-luction  of  the  best  bi'cad. 


BliKAD-MAKINU. 


359 


fermentation  sliould  be  allow('d  to  proceed  siiHiciently  far  to  soften  and 
mellow  the  gluten,  but  no  further.  At  sta^ms  either  earlier  or  later 
than  this,  the  bread  will  lack  both  in  appearance  aiul  flavour.  It  is 
therefore  necessary  to  so  regulate  feianentation  as  to  stop  at  precisely 
this  point ;  unfortunately  no  exact  means  are  at  pre.sent  knowii  whereby 
it  can  be  determined  with  precision.  The  more  stable  a  dour  is,  the 
longer  it  najuires  to  be  fermented  before  this  point  is  reached,  hence 
where  flours  of  different  (jualities  are  being  used,  the  more  stable  should 
be  set  fermenting  earlier  than  the  others.  In  this  lies  the  reason  for 
using  some  flours  at  the  sponge  and  others  at  the  dough  stage,  bdours 
from  hard  wheats,  such  as  Si)ring  American  or  Russian,  should  be  usetl 
in  the  sponge;  and  American  Winter  or  English  wheaten  flours  in  the 
dough.  Working  with  stable  flours  in  the  spftnge,  experience  has 
shown,  according  at  least  to  the  London  practice,  that  the  l)est  results 
are  obtained  by  allowing  the  sponge  to  rise  and  fall  once,  and  then  to 
rise  again.  The  time  taken  for  this  rising  and  falling  is  found  to 
agree  with  that  necessary  f(jr  the  suflicieiU.  mellowing  of  the  gluten. 
This  empirical  test,  which  is  the  result  of  careful  watching  and  ex- 
pei’ience,  is  at  present  the  baker’s  principal  guide  in  determining  the 
progress  of  fermentation.  It  affords  evidence  of  the  degree  of  rapidity 
with  which  gas  is  being  evolved,  and  indirectly  of  the  extent  to  which 
the  other  chemical  changes  have  proceeded. 

459.  Varietv  and  Quantity  of  Yeast  used. — The  variety 

of  yeast  employed  j^i’oduces  a  marked  effect  on  the  character  of  the 
resultant  bread,  flood  brewers’  yeast  is  almost  universally  admitted  to 
induce  a  characteristic  sweet  or  “  nutty  ”  flavour,  hence  it  is  largely 
used  in  the  manufacture  of  so-called  farmhouse  bread.  Colour  in  this 
variety  of  bread  is  .secondary  to  sweetne.ss  of  flavour.  While  brewers’ 
yeast  has  a  somewhat  energetic  diastasic  action  on  the  proteids  and 
starch  of  dough,  its  fermentative  power  is  comparatively  low  in  that 
medium.  Undoubtedly,  one  of  the  reasons  which  has  led  to  the  com¬ 
paratively  extensive  use  of  potatoes  in  bread-making  is  their  stimulant 
action  on  the  gas-producing  jtower  of  brewers’  yeast  in  dough. 

Continental  compressed  yeasts,  on  the  other  hand,  are  marked  by 
their  rapid  power  of  inducing  alcoholic  fermentation  in  dough  :  experi¬ 
ence  indicates  that  neither  pfdato  nor  flour  ferments  are  necessary,  at 
least  as  stimulants,  when  working  with  these  yeasts  ;  although  those 
bakers  who  ha\  e  becm  in  the  habit  of  using  potatoes,  because  of  the 
specitic  flavour  and  character’  they  impart  to  bread,  will  probably  by 
preference,  for  some  time  at  least,  contimu'  the  practice. 

Motives  of  (iconomy  on  the  jrart  of  the  bakers,  and  competition  oir  th(^ 
side  of  th(*  yeast  mei'chants,  both  lead  to  a  certain  rivali’y  among  the 
latter-  as  to  whose  yr'rrst  is  able,  weight  for-  wm’ght,  to  arlerprately  fm-nrerrt 
the  gr’eatc'st  (luanfity  of  Hour.  Now,  while  it  is  imjrortarrt  that  the 
baker  should  know  with  accur’acy  the  r’rdative  strerrgtlrs  of  diffm’cnt 
br’arifls  of  yr'ast,  it  is  rr(*verth(‘less  not  wise  to  br*  too  sjiarirtg  in  the 
cjuarrtity  employed  to  a  sack  of  Hour.  Although  four  orrnces  of  yeast 
rttay  be  suflii-ient  to  fm’iirerrt  a  sacl:  of  Horn’,  }(‘t  half-a-]ioitnd  will  do 
it  much  bettm’,  and  jti’obably  with  greatm’  economy  in  tlu'  lorrg  run. 
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First,  select  tlie  strongest  and  purest  yeast  you  can  get  for  (lie  money, 
and  then  don’t  be  afraid  to  use  suilicient  of  it.  This  advice  sliould 
liave  esjiecial  weight  in  the  south  of  England,  where  soft,  weak  (lours, 
liaving  coinjiaratively  little  stability,  are  so  largely  employed.  Flours  of 
(Ids  kind  will  not  bear  being  ke2:)t  so  long  in  the  sponge  and  dough 
stage  as  is  necessary  to  ferment  them  with  a  very  small  quantity  of 
yeast ;  they,  if  so  treated,  produce  sodden,  heavy,  and  sometimes  sour 
loaves ;  when  any  saving  in  yeast  is  more  than  compensated  by  a  less 
yield  of  bread. 

460.  Management  of  Sponging  and  Doughing.  — In  order 
to  insure  success  in  the  manufacture  of  bread,  sound  materials  are  the 
first  reijuisite  ;  after  that  the  most  important  in  this,  like  all  other 
operations  in  which  fermentation  employs  an  imjiortant  part,  is  the 
proper  regulation  of  temperature.  The  yeast  should  always  be  stored 
where  it  will  get  neither  too  hot  nor  too  cold  ;  for  ('.\tremes  of  tempera¬ 
ture  in  either  direction  weaken  the  action  of  yeast.  Ilrewers’  yeast  in 
})articular  sutlers  from  this  in  summer  weather  ;  and  so,  many  bakers 
who  use  it  in  the  winter  change  over  to  compressed  yeast  in  the 
summer.  In  summei’  time  the  conq)iessed  yeasts  are  when  fresh  more 
active  than  in  winter  :  in  pi'oof  of  thi.s,  compare  the  results  of  tests 
made  and  given  in  Chapter  XII.  In  winter  the  strength  of  the  yeast 
may  be  increased  b}'^  allowing  it  to  stand  for  a  time  in  water  at  85°  F. 
before  being  used.  A  still  better  jtlan  is  to  .stir  a  handful  of  raw  Hour 
and  a  small  quantity  of  sugar  or  malt  e.xtract  into  a  bowl  of  water  and 
then  add  the  yeast;  let  this  stand  for  about  an  hour,  gently  stirring 
now  and  then  in  order  to  a'rate  tin*  li([Uour.  Such  treatment  refreshes 
and  invigorates  (he  y<‘ast,  and  so  enables  it  tt)  afierwards  work  im)re 
actively.  Both  sponge  and  dough  should  be  so  managcHl  as  to  keep  the 
tempei'ature  as  msii’h'  constant  as  possibh*  during  the  whole  of  the 
fermentation  Any  considerable  I'ise  in  temperature  accelerates  the 
action  of  th(‘  yeast,  but  at  the  same  time,  and  to  a  greater  degree, 
stimulates  lactic  and  other  foreign  fermentation.  Cooil  yeast  works 
well  at  from  80°  to  85°  F.,  and  at  that  tenqu'rature  lactic  and  butyric 
feiinentatimi  jiroceed  but  slowly,  ev(m  in  the  prcsenct*  of  the  special 
organisms  which  induc(>  the.se  types  of  fermentation,  .'^udden  cold 
should  also  be  avoided,  as  a  chill  to  working  yeast  is  most  (hdrimental, 
causing  h'rmentation  to  tmtiiady  cease,  or  at  the  best  to  ])roceed  most 
sluggishly.  Such  a  sudden  lowering  of  tenq)eratur(‘  may  indirt'ctly  be 
(he  means  of  ju'oducing  a  sour  loaf. 

461.  US6  of  Salt.—  A  great  deal  has  Imhui  writtim  as  to  the  use  of 
salt  as  a  guiding  agent  in  fermentation  ;  so  far  as  the  yeast  is  concerned, 
salt  is  generally  vi(*w(‘d  as  having  a  retai'ding  inllmmce;  although  the 
opinion  has  b(‘en  (“xpressed  that  (|uantities  of  salt  under  o  per  cent,  of 
the  water  used  stimulates  the  action  of  yeast.  This  oj)inion  is  bast'd  on 
(certain  observations  of  Liebig.  Tin'  author's  own  t'xperiments  (rvV/r 
Cha])t('r  Xl.,  pai-agraph  .’bl!))  lead  him  to  conclude  tliat  .salt,  in  all 
pi'oportions  fi’om  11  pi'r  cent,  upwards,  ri'tards  alcoholic  fei'inentation, 
and  dindnishes  tin'  speed  of  gas  e\olulion.  Salt  acts  still  more  jiower- 
fullv  as  a  retanling  agent  on  lactic  and  other  foreign  ferments,  and  so 
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ilids  ill  the  prevention  of  iinlieivlthy  feniientiition.  In  iuhlition,  suit  also 
elieeks  diastasis,  and  thereliy  prevents  undue  hydrolysis  of  the  starch  of 
tlie  hour.  Tn  summer  time,  or  wlien  any  suspicion  of  instability 
attaches  to  the  Hour,  it  is  well  to  add  some  portion  of  thi'  .salt  to  the 
spongi' ;  but  when  the  Hour  is  good,  and  the  yi'ast  pure'  and  healthy, 
the  whole  of  the  salt  may  be  deferred  to  the  dough  stage. 

In  the  Scotch  methods  of  bread-making,  flours  of  a  very  strong  and 
stable  character  are  used  in  the  .sponge,  which  altogetluu-  is  allowed  to 
stand  about  twelve  hours.  A  slight  amount  of  lactic  acidity  is 
developed  in  this,  and  is  viewed  as  normal  ;  it  has  an  important 
function  in  softening  and  mellowing  the  gluten.  It  will  be  noticed 
that  a  small  proportion  of  salt  is,  in  the  Scotch  process,  added  to  the 
sponge. 

462.  Loss  during  Fermentation. — This  has  b(>en  variously 
estimated,  among  the  highest  figures  being  that  of  Dauglish.  who  ex¬ 
pressed  the  opinion  that  this  loss  amounted  to  from  .3  to  G  per  cent. 
In  order  to  determine  the  maximum  amount  of  lo.ss  possible,  the  author 
made  a  direct  experiment — 100  parts  by  weight  of  soft  flour  from 
English  wheats  were  made  into  a  dough  with  distilled  water,  two  parts 
of  pressed  yeast  being  added  ;  no  salt  being  used.  This  dough  was 
allowed  to  stand  for  from  eight  to  nine  hours  at  a  temperature  of  about 
85°  to  90°  F.  ;  fermentation  proceeded  violently,  but  towards  the  end  of 
th("  time  had  apparently  ceased.  The  dough  was  then  |)laced  in  a  hot- 
water  oven,  and  maintained  at  a  constant  tem})crature  of  212“  F.  for 
lb  days;  the  same  weight  of  flour  and  yeast,  but  no  water,  was  also 
placed  in  the  oven.  At  the  end  of  that  time  the  fermented  dough  was 
found  to  have  lost  2'5  per  cent,  compared  with  the  Hour.  Now  in  this 
extreme  case  a  soft  flour  was  used  with  distilled  water  and  no  salt,  and 
about  six  times  the  normal  amount  of  yeast ;  the  temjjerature  was 
jnirposely  maintained  at  a  high  point,  and  the  fermentation  carri(*d  on 
.so  long  as  any  decided  evolution  of  gas  occurred.  Yet,  under  these 
conditions,  which  far  and  away  exceed  in  .severity  any  such  as  are  met 
with  in  jn-actice,  the  loss  was  less  than  llauglish’s  minimum  estimate 
It  will  be  of  inter(*st  to  notice  that  the  percentage  of  loss  clo.sely 
corres])onds  with  that  of  sugar  in  floui',  according  to  the  analysis  given 
in  paragra]>h  338,  Chapter  XJ.  “  Tablier  Iflanc,”  in  the  “llritish  and 
Foreign  Confecticjner,”  states,  as  the  result  of  expei'iments  of  his  own, 
that  the  loss  of  solid  constituents  of  flour  during  fermentation,  as 
pn  ictically  conducted  in  bakeries,  amounts  to  1‘37  percent.  Turning 
Jiext  to  the  hws  in  weight  of  the  dough  during  fermentation  Thoms 
gives,  as  the  result  of  direct  tests  on  the  dough  from  a  sack  of  Hour,  the 
loss  during  working  as  from  lb  to  12  lbs.,  or  from  .3-5  to  1-2  ])cr  cent. 
Dauglish’s  estimate  was  jirobably  based  on  somewhat  similar  data ; 
but  a  moment’s  consideration  shows  that  this  loss  must  consist  largt'ly 
of  water  which  escapes  by  evajau'ation  from  tin;  dough  during  fer¬ 
mentation. 

463.  Baking. — Ff)i'  baking,  the  oven  should  b(‘  at  a  tem]K‘ralur(>  (jf 
400-500°  F.  Many  nuKlei’n  ovens  are  now  liffed  with  a,  p^'roim'ter,  by 
means  of  which  the  tempenafure  may  be  read  oil’.  If  dejiending  on  this 
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instruiiu'iit,  chit'  must  lx*  taken  that  it  is  in  elticient  working  order.  Ti» 
tlie  oven  the  dougli  rapidly  swells  tVoin  tlie  expansion  of  the  gase.s 
within  the  loaf  hy  the  heal.  Its  outside  is  converted  into  a  ciaist ;  th(‘ 
starch  being  changed  into  gum  and  sugar:  tliese  are  at  tlie  high  tern 
perature  slightly  caramelised,  and  so  give  the  crust  its  characteristic- 
colour.  Th('  effect  of  the  heat  on  the  interior  of  each  loaf  is  to  e\'aporate 
a  j)ortif)n  of  the  water  pi’esent  in  the  dough  :  the  carbon  dioxide,  and 
a  jiortion  of  the  alcohol  produced  by  fermentation,  escape  with  the 
steam,  and  mav  be  recovered  from  the  gases  within  the  oven.  While 
.any  watei’  is  present  in  the  bread,  the  temperature  of  its  interior  can 
never  lise  above  the  boiling  point  of  that  liquid.  Owing  to  the  pressure 
caused  by  the  contining  action  of  the  crust,  that  lioiling  point  may, 
however,  be  somewh.at  higher  than  under  noian.al  atmospheric  pi'essure 
The  increase  due  from  this  cause  is  proliably  not  more  than  some  two 
or  three  tlegi'ces.  As  bakerl  lu'ead  still  contains  some  3.'')  to  40  pei' 
cent,  of  moisture,  it  may  be  safely  stated  that  the  inside  of  the  loaf 
never  rises  to  a  higher  temperature  than  21.0°  F.  It  is  commonly 
stated  that,  in  the  .act  of  baking,  the  starch  of  Hour  is  gelatinised. 
This,  however,  is  only  partly  the  case.  The  temperature  of  a  baked 
loaf  rises  considerably  .above  th.at  recjuisite  for  gelatinisation,  but  there- 
is  also  another  coadition  necessary.  Gelatinisation  is  es.sentially  an  act 
of  uidon  with  water,  and  a  loaf  does  not  contain  sufficient  moisture  to 
anyffihing  like  gel.atinise  the  whole  of  the  starch.  At  the  moment  of 
writing,  a  fragment  of  bre.ad  has  just  been  (‘xamined  microscopically, 
and  Held  after  Held  is  seen  of  unlu'oken  and  apparently  unaltered 
starch  coi])uscles.  One  of  the  largest  present  was  measured  and  found 
to  be  O'OoT  m.m.  in  diameter,  showing  that  the  starch  had  not  even 
materially  swollen.  Doubtless  under  tlie  iiiHuence  of  heat  the  starch 
has  become  softened,  but  the  larger  proportion  of  the  granules  still 
remain  intact.  (Compare  paragrajHi  151,  jiage  7^.)  At  the  tempera¬ 
ture  of  the  interior  of  the  loaf,  tin*  coagulable  protends  will  have'  been 
coagulateal,  and  their  diastasic  powe'r  entirely  elestroye'el.  The  compeesi- 
tion  of  bread,  ceimpared  with  that  eif  Hour,  is  elealt  with  subseepiently. 

464.  Time  necessary  for  Baking,  'fhe  time-  eluring  which 
breael  is  ke-jet  in  the  oven  varie-s  ceensider.ably  in  eliffe-re-nt  parts  eef  the 
country  :  much  must  depe-nel  e.m  the-  te-mperature-  whe-the-r  the-  eeve-n  be- 
epiick  or  slack.  Feer  4  lb.  crusty  leeave-s  an  heair  tee  an  heuir  anel  a 
eiuarte*r  .se,-ems  to  be-  an  average-  time-.  The  half-epiarteru  eer  2  lb.  leiaf 
is  a  muedi  ceemmom-i-  size-  in  the-  senitli  eif  Fnglanel,  anel  leeave-s  eef  this 
elescrijetion  can  reaelily  be  bake-el  in  fremi  feerty  te>  fifty  minute-s  in  any 
we-!l  cemsti’ucte-el  eive-n. 

465.  Glazing.  The-  aelmissiem  eif  ste-am  tei  an  eive-n,  when  })ret- 
pe-rlv  manage-el,  has  the-  elle-ct  eif  jireielucing  a  glaze-el  surface-  em  the 
eaitsiele-  eif  the-  e-rust  :  this  eepcratiein  is  familiar  tee  bake-rs  as  that  by 
which  \de-nna  reells  are-  glaze-el.  In  orele-r  that  the  eipe-ratii>n  shall  be 
i-ll’e-e-tiN'e-,  the-  breael  eu-  reills  sheailel  be-  as  e-oeil  as  jiossible-.  'flm  ste-am 
shemlel  be-  simjily  at  at meisjihe-ric  pii-ssure-,  anil  saturati-il  with  moisture-. 
.\t-  the-  instant  of.thi-e-ool  loaf  i-nte-ring  the-  steam  at  mosphe-re-  of  the 
ove-u,  a  momi-nlai-v  e-onrli-nsat  ion  of  ste-am  oc  -urs  ovi-i-  the-  whole-  surface. 
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which  is  tliu.s  covered  with  a  film  o£  watt'r  at  the  boilinv'  point.  Tliis 
renders  tlie  starcli  of  the  outside  surface  solul)Ie,  and  as  tlie  wat(‘r  dries 
oti'  leaves  a  glaz('  of  soluble  starch,  part  of  which  possibly  has  been 
converted  into  de.vtrin.  The  injection  of  steam  into  the  oven  iiot  only 
helps  to  dextrini.se  and  "laze  the  crust,  but  also  .serves  the  purpose'  of  keep 
ing  the  interior  of  the  loaf  moist  by  j^reventing  too  rapid  evaporation. 

466.  “Solid”  and  “Flash”  Heats.--The.se  terms  are  fre¬ 
quently  used  by  the  baker  in  speaking  of  the  character  of  the  heat  of 
different  ovens.  The  former  is  applied  to  heat  which  is  continuous,  the 
latter  to  heat  which  is  very  tenq>orary,  but  frecpiently  for  the  moment 
intense.  It  will  be  found  that  the  so-called  “solid”  heat  is  usually 
evolved  from  the  walls  of  a  well-heated  oven.  A  go(xl  oven  should  have 
plenty  of  material  aliout  it  ;  this  gets  liot  thi'ough,  and  afterwards  radi¬ 
ates  heat  slowly  but  continuously.  If  the  oven  walls  be  too  thin  they 
cool  too  (piickly  ;  in  consecjuence  they  have  to  be  heated  very  intensely 
at  the  start  ;  the  result  is  that  the  oven  at  first  burns  the  bi’ead,  and 
towards  the  end  has  not  heat  enough  to  complete  the  baking  of  tlu' 
batch.  With  thicker  walls  the  initial  temperatur*'  of  the  oven  need  not 
be  so  high  ;  the  fall  in  temperature  taking  place  more  slowly,  the  oven 
still  retains  a  good  heat  at  the  close  of  the  baking.  The  heat  which 
reaches  the  bread  from  the  walls  of  the  oven  is  largely  in  the  form 
known  as  “radiant”  heat  ;  it  is  continuous,  and  need  not  lie  of  abnor¬ 
mally  high  temjierature  in  older  to  thoroughly  and  efficiently  liakc 
bread.  The  conseipience  is  that  the  interior  of  tlie  bread  is  well  baked, 
while  the  crust  is  not  burned. 

A  “  dash  ”  heat,  on  the  other  hand,  is  produced  by  the  contact  of 
highly  heated  gases  with  the  bread.  Certain  varieties  of  ovens  are 
dred  by  the  introduction  of  dame  into  the  oven  itself.  Such  intro¬ 
duction  of  dame  should  Ik*  enqiloyerl  to  previously  raise  the  temperatuK' 
of  the  oven,  not,  if  used  at  all,  to  bake  the  bread  itself.  The  reason 
is  obvious  ;  it  is  excec'dingly  didicult  to  regulate  the  temperature  of  a 
current  of  hot  air  from  a  dame  with  great  exactitude.  The  tempera- 
tui’e  is  sudiclently  high  at  one  time  to  burn  the  crust  ;  at  another  so 
low  as  to  jirevent,  during  the  time  the  bread  is  in  the  oven,  its  inside 
being  sudiciently  cooked.  I’urthei',  if  the  bread  is  to  be  heated  by  the 
hot  air  I’csulting  from  the  direct  admission  of  tlame  into  tlu*  ovi'ii,  there 
must  necessarily  be  also  some  means  of  ('xit  for  the  gases  from  the  dame. 
The  hot  air  from  a  fui-nace  cannot,  in  fact,  be  drav.'ii  into  tlu*  oven 
without  some  means  for  their  after  escape.  The  result  is  that  these 
gases  carry  with  them  the  steam  evolved  from  the  baking  loaves,  and 
so  subject  the  bread  to  a  dty,  instead  of  a  steam  saturated,  atmosplu're. 

467.  Cooling  of  Bread.  -Th('  loaves  on  being  taken  from  the 
oven  should  be  cooled  ns  rapidly  as  possible  in  a  pure  atmospheri'  ;  for 
this  jiurjiose,  where  practicable,  open  air  cooling  sheds  should  be  pro- 
vidc'd.  Ibiiling  these,  the  cooling-room  must  Ix'  widl  \(*ntilat ed.  It 
goes  without  saying  that  the  cooling  loax’cs  must  be  ade(|uately  jiro 
tected  from  rain. 

468.  Summary  of  Conditions  affecting  Speed  of  Fer¬ 
mentation.  While  fermentation  stai’ts  with  the  tirst  addition  of 
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3’east  to  the  other  materials,  it  does  not  conehule  till  the  bread  has 
heen  for  some  time  in  the  ovi'ii,  and  possibly  not  even  then.  At  this 
sta^e  of  work,  with  both  jirinciples  and  details  of  methods  of  working 
<‘xplained,  a  bird’s  eye  view  of  the  whole  course  of  fermentation  should 
be  of  service. 

A  ferment,  when  used,  is  a  means  (jf  making  yeast  by  a  process  of 
repi  oduction  from  that  originally  added.  Steps  are  taken  at  the  same 
time  to  ensure  vigour  in  the  new  yeast  formed.  The  speed  of  fermen¬ 
tation  of  the  ferment  is  hastened  by  increase  of  temperature,  but  Ije- 
yond  a  c(‘rtain  j)oint  that  of  acid-producing  organisms  is  also  more  than 
proportionately  stimulated.  -^Tlration  during  fermentation  tends  to  in- 
crea.se  the  vigour  of  the  produced  yeast.  (Compare  Adrian  Brown  on 
the  action  of  oxygen  on  fermentation.) 

Assuming  a  start  has  been  made  with  either  sjxjnge  or  off-hand 
<lough,  the  same  laws  govern  fermentation. 

First,  let  us  see  what  conditions  accelerate  fermentation. 

JJ7//i  regard  to  yeast,  the  greater  tlie  quantity,  the  more  (piickly  it 
proceeds  ;  with  sound  yeast  there  is  no  fear  of  imparting  a  yeasty  taste 
to  briNvd  with  many  times  more  than  necessary  for  ordinary  bread¬ 
making.  The  strength  of  the  yeast  will  also  directly  tend  to  increase 
the  rate  at  which  fermentation  ])i'oceeds. 

Flour. — Soft  hours  tend  to  hasten  fermentation  ;  they  contain  more 
sugar  and  more  starch  in  a  condition  su.sceptible  to  diastasis.  Their 
proteid  matter  is  more  likely  to  act  as  a  yeast  stimulant,  while  the 
softiu'ss  of  the  gluten  lessens  a  physical  obstacle  to  rapid  action  of 
yeast. 

Potatoes,  SacL'harine  Extracts. — These  act  as  stimulants,  and  tend  to 
increase  the  s))eed  of  fermentation. 

Water. — The  principal  way  in  which  this  acts  is  in  virtue  of  the 
proporti(jnate  ([uantity  used,  ^^’hen  doughs  are  slack,  fermentation 
proceeds  much  more  rapidly. 

.Eration. — Flour  well  a-rated  is  likely  to  work  more  rajiidly,  especially 
in  slack  s])onges.  Notice  how  in  Vienna  bi'ead  the  batter  sponge  is 
beaten  and  worked,  and  how  much  more  vigorous  and  “  lively  ”  it  is  in 
<'onse([uence. 

Temperature.-  This  governs  all  ;  with  low  temperatures  yeast  works 
very  .slowly,  if  at  all,  and  with  higher  tenqu'ratures  fermentation  is 
accelerated. 

Next,  as  to  conditions  retarding  fermentation  :  these  may  lu' 
summed  uj)  as  the  op])<)site  of  the  accelerating  agents  -  yeast,  weak  or 
in  small  (piantities  ;  hard,  dry  Hours  ;  stiff,  umerated  doughs  ;  low 
temperature  ;  and  finally,  the  addition  of  salt,  which  has  a  vtuy  marked 
i-et aiding  (dh'ct. 

By  modifying  one  or  more  of  these  condition.s,  tlu'  baker  is  able  to 
regulate  the  speed  of  his  ferinmitation  ;  and,  wIkuh'  certain  of  them  are 
altered  liy  causes  beyond  his  control,  is  abh*  to  mori'  or  less  caimpensate 
the  disturbanci'  by  introducing  changes  in  one  or  more  of  flu'  otlu'rs. 
Suppose,  for  example,  the  working  of  a  sponge  is  unduly  hastened  by 
ha\  ing  to  use  a  softer  Hour  than  usual,  this  may  b(>  modilied  liy  making 
it  tigiiter.  or  working  with  hsss  yeast,  or  at  a  lower  temperature.  A 
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good  (loal  of  tlie  iiit  of  tlu*  l)iikef  consists  in  pi'opoi'ly  iuljusting  tlieso 
Viiriiible  factors  so  that  they  sliall  propei'ly  balance  ('ach  otlu'r,  and  all 
conduce  to  the  ju'oduction  of  a  good  loaf  of  bread. 

469.  Summary  of  Course  of  Fermentation.  A  v(‘ry  use¬ 
ful  lesson  may  be  learned  by  making  a  batch,  .say  of  '20  lbs.  of  Houi-, 
into  a  slack  dough,  with  a  full  allowance  of  distillers’  yeast,  say  ■’> 
ounces  ;  salt  aTid  water  in  proportion,  and  woi-king  the  batch  fairly 
warm.  Let  a  jiiece  be  cut  oil'  and  moulded  into  a  loaf  immediately 
the  dough  is  made,  and  at  once  bak('d  -  the  result  will  be  a  close,  small, 
very  moist  loaf,  not  much  bigger  than  the  piece  of  dough  cut  oft'. 
Next  bake  a  similar  loaf  from  the  same  piece  of  dough  at  the  end  of 
every  hour  from  the  time  of  starting,  keeping  the  inaiTi  mass  covered, 
and  in  a  warm  jilace.  An  in.structive  .series  of  changes  will  be  ob- 
servetl  in  the  successive  loaves.  In  boldness,  the  bread  improves  for 
some  hours,  then  remains  stationary,  and  finally  becomes  “runny  ”  and 
flat.  The  colour  of  the  crust  is  at  first  “  foxy,”  then  of  a  golden  yellow 
(U-  brown  tint,  and  ftnally  abnormally  pale.  The  crumb  during  the 
tii'st  three  or  four  loaves  of  the  series  gradually  improves,  and  becomes 
more  bloomy,  then  changes  to  a  greyish  white,  losing  the  bloom,  and 
then  “saddens”  and  darkens,  becoming  a  dull,  cold  grey,  merging 
ultimately  into  a  brown.  At  the  same  time  it  becomes  ragged  on  the 
outside  edges,  and  dark  where  a  soft  crust  has  been  produced  by  two 
loaves  being  in  c(mt;ict  with  each  other  in  the  oven.  In  flavour,  the 
first  loaf  will  be  sweet,  but  “  raw  ”  and  “  wheatv,”  characters  which 
will  be  lost  as  fermentation  proceeds;  at  its  best  the  raw  taste  will 
have  gone,  leaving  only  a  sweet,  clean-palate  flavour.  This  will  be 
.succeeded  by  a  gradiuil  disappearance  of  the  sweetness,  the  bread  being 
neutral  and  tasteless  :  at  tlie  same  time  the  loaf  will  have  lost  its 
moisture,  and  will  be  harsh  and  crumbly.  As  fei'inentation  is  pushed 
still  further,  the  bread  commences  to  be  “  yeasty  ”  (to  taste  of  the 
yeast)  ;  but  this  depends  somewhat  on  the  original  soundness  or  other¬ 
wise  of  the  yeast.  This  condition  merges  into  one  of  slight  sourness, 
finst  of  pure  lactic  acid  flavour,  accompanied  Ijy  buttermilk  odour  ;  but 
gradually  becoming  worse,  until,  finally,  not  only  is  the  taste  oftemsive, 
but  so  also  is  the  smell,  partaking  not  only  of  sourness  in  character, 
but  also  of  incipient  putrefaction  and  decomposition.  During  these 
latter  stages  the  bread  again  becomes  soft  and  clammy.  The  first 
drying  oft',  until  the  bread  reaches  the  harsh  stage,  is  diu'  to  the  dis¬ 
appearance  of  soluble  starch  and  dextrin  by  diastasis  into  sugar,  and 
then  fermentation  :  the  sulxsequent  clamminess  is  the  result  of  degt'ada- 
tion,  not  only  of  a  portion  of  the  starch,  but  also  the  insoluble  ])rot(‘ids 
of  the  dough. 

Such  are,  in  brief,  the  changes  observable  in  dough  under  ordinary 
conditions  of  working,  from  the  first  stai't  of  fermentation  to  the 
commencement  actually  of  putrefaction.  Thesti  may  be  slightly  modi¬ 
fied  by  character  of  the  Hour  and  other  const  ituents  of  the  dough  ;  l)ut 
if  the  conditions  of  fermentation  be  healthy  and  normal,  the  whole 
series  of  changes  suhstantiall}’-  follows  the  order  here  given.  Changes 
in  temperature,  degree  of  stiffness  of  doughs,  &c.,  within 
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recognised  and  approved  limits,  may  accelerate  or  retard 
fermentation  as  a  whole,  but  they  do  not  alter  its  character 
and  general  course. 

SOUK  BREAD. 

470.  Souring  of  Broad. — Quite  a  literature  has  irruwn  up  and 
around  this  subject  since  the  autlior’s  earlier  work  was  written,  to 
which  important  contril)utions  have  been  made  both  by  bakers  and 
chemists.  Amon>;’  the  earliest  of  these  was  a  reference  in  a  j)aper  read 
by  W.  A.  Thoms  at  the  meeting  of  the  Bakers’  National  Association, 
Birmingham,  in  1887.  In  this  paper  he  exju-esses  himself  as  inclined 
to  “  .Tago’s  opinion,  tliat  in  ljutyric  acid  we  have  the  cause  of  sour 
bread.”  He  further  states  that  in  excessive  acid  fermentation  lactic 
acid  is  produced,  and  tluit.  further,  the  two  acid  fermentations  may 
])roceed  side  by  side,  lactic  acid  being  ])roduced,  and  a  part  t)f  it,  at 
least,  simultaneously  converted  into  butyric  acid.  T.  Fletcher  dis¬ 
sented  from  this  view  of  the  cause  of  soui-ness  of  bread,  and  in  1888 
contrilaited  to  one  of  the  meetings  of  the  same  Association  an  im- 
])ortant  bakers’  practical  pa})er  on  Sour  Bread:  how  it  is  caused,  and 
kotv  it  max  he  avoided.  Ib'ference  is  made  to  the  fact  that  com¬ 
mercial  yeast  contains  foreign  organisms,  and  that  these  produce  acidity 
or  putrefaction  ;  further,  that  among  them  are  lactic  germs  producing 
lactic  acid,  and  acetic  germs  jiroducing  acetic  acid.  Dealing  with  the 
fermentation  of  a  si)onge,  he  points  out  that  by  alcoholic  fermentation 
alcohol  and  carbon  dioxide  are  ]>roduced,  and  that  the  falling  of  the 
sponge  depends  on  the  gas  tearing  asunder  the  distended  sj)onge  and 
esca])ing.  If  the  woi'king  of  the  sponge  is  permitted  to  pi’oceed  lie3’ond 
the  point  experience  teaches  is  most  suitable,  unpleasant  I’esults  follow, 
jiarticularly  as  tlu*  energy'  of  the  yeast  fails.  In  this  stage  the  sponge 
oi'  dough  contains  considerable  (]uantities  of  alcohol,  and  Fletclier 
argued  that  the  well-known  change  of  alcohol  into  acetic  acid  bv 
oxidation, 

CVIQHO  -f  C\  =  HC,HA  -h  H.,0, 

Alcoliul.  Oxygen.  Acetic  .\ciii.  Water, 

was  the  cau.se  of  the  iicidity  of  sour  bread,  especiall}’  fi-om  overwrought 
Sponges  or  doughs. 

At  the  sanu'  meeting  of  the  Associiition,  Laurence  Briant  rt'iid  a 
paper  on  The  Purity  oj  Bakers'  Yeast,  during  which  lu'  rt-marked 
thiit  “  The  chief  l■(!sult  produced  by  the  presence  of  false  ferments  is 
acidity,  and  iicidity  moiins  sour  breail,  iind  wlu'ther  or  no  that  is  desir- 
iible  we  n(M*d  not  tu're  ai'gue.”  Further,  he  stiites  that  he  ( Briiint) 
“  was  formerh'  of  opinion  thiit  a  cousiderabh'  jiortion  of  the  acidity  of 
dough  wiis  due  to  tlio  oxidiition  of  the  iilcohol  distributed  in  its  jiores  ; 
but  iilthough  this  may,  no  doubt,  be  partiiilly  the  ciise,  he  hits  been 
iible  to  prove  by  cai'eful  expeiiment  thiit  the  .sourness  of  dough  is  due 
chiefly  to  liictic  iuid  butyric  iicids  ;  at  least,  such  is  the  ri'sult  he  has 
obtiiined  in  the  iimilysis  of  sevm-iil  specimens  of  overworked  dough.” 

'I'hese  two  statements  iU’e  of  consideriible  imiiortiince,  iind  at  this 
jioint  it  will  hi;  convenient  for  the  iiuthor  to  stiite  that  there  iippear  to 
him  cogent  ri'asons  for  dissimting  from  the  view  tluit  “acidity  mciins 
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•sour  brciul,”  using  euch  of  tliese  tonus  in  their  gonorally  uceoptod  sense. 
As  a  jiartieular  and  separate  meaning  will  be  attacbed  by  the  wi'iter  to 
each  in  the  following  remarks,  it  will  be  well  to  exactly  define  the 
sense  in  which  they  are  used.  “  Acidity  ”  is  a  chemists’  term,  and  is 
■caused  by  the  lu-esence  of  free  acid  ;  the  measure  of  acidity  is  the 
amount  of  alkali  of  definite  strength  recpured  to  produce  neutrality. 
“  8our  bread  ”  is  a  l)aker’s  term,  and  is  ap])lied  to  bread  which  has  a 
sour  odour  and  flavour  to  the  organs  of  smell  and  taste  respectively. 
Experiments  show  that  acidity,  as  measured  by  chemical  means,  and 
sourness,  as  judged  in  brnid  by  the  nose  and  paiate,  are  not  necesLirily 
alike  m_ intensity  or  entirely  dependent  on  each  other  :  for  this  reason 
the  limitation  of  the  sense  in  which  the  author  iiersonallv  uses  eacli 
term  is  here  indicated. 

It  will  be  noticed  that  Briant’s  opinion  at  this  date  differs  from  that 
of  Fletcher  as  to  the  part  played  by  acetic  acid  in  the  acidity  of  bread. 
Prior  to  the  publication  of  these  papers,  the  author  had  enunciated  the 
view  of  acidity  being  the  result  of  the  presence  of  lactic  and  butyric 
acid  in  bread.  From  the  known  properties  of  yeast  he  had  formed  an 
opinion  adverse  to  the  view  of  bread  acidity  being  due  to  acetic  acid 
least,  It  will  be  remembered,  has  a  great  avidity  for  oxygen,  and 
according  to  Pasteurs  view,  alcoholic  fermentation  was  a  shirvation 
phenomenon  in  the  absence  of  o.xygen.  This  theory  is  no  longer  tenable 
but  in  any  case  the  fact  remains  that  yeast  readily  alrsorbs  oxv^ren 
from  any  Hind  in  winch  it  is  actively  at  work.  Thus,  Schutzenlie^er 
points  out  that  yeast  “introduced  into  a  liquid  medium  containing 
solution  (pure  water,  a  saccharine  solution,  with  or  without 
nutritive  material  and  nitrogenous  elements),  absorbs  oxy<ren  with 
great  rapidity,  and  develojis  a  corresponding  quantity  of  carbon'’dioxide  ” 
As  the  acK  ity  of  a  sponge  or  dougli  is  the  effect  of  acid  fermentation 
tollowing  the  normal  alcoholic,  there  cannot  be  within  the  mass  of 
dough  any  ox^’gen  by  which  the  alcohol  disseminated  through  it  can  be 
oxidised  to  acetic  acid.  For  this  reason,  therefore,  it  is  only  on  the 
surface  of  the  dough  exposed  to  air  that  such  action  is  possible.  And 
even  liere  It  must  be  exceedingly  superficial,  for  in  the  presence  of  the 
possibly  slow  but  continuous,  exhalation  of  gas  from  the  spom^e,  it  is 
very  improbalile  that  any  perceptible  absorjition  of  oxygen  is  occiirrim-- 
Even  whim  quiescent,  it  must  be  remembered  that  a  'sponge  contains 
an  abundance  of  yeast  ready  to  start  again  in  active  fermentation  as 
soon  as  supplied  with  food.  There  will  therefore  l,e  on  the  surface  of 
such  a  sponge  yeast  in  far  greater  plenty  than  acetic  acid  germs,  and 
vvit  1  the  gr.-ater  vigour  of  the  former  organism,  it  is  a  fair  assumi.tion 
that  of  the  very  limited  amount  of  surface  assimilation  of  oxymi  the 
lions  share  will  be  taken  liy  the  yeast  and  converted  into'cad.on 
hoxide  As  both  actic  and  butyric  acids  are  products  of  ameroliic 
erments^,  and  are  the  result  of  chemical  changes  which  are  absolutely 
ndependent  of  e.xternal  free  oxygen,  the  same  objections  do  not  aiiply 

the  author  has  viewed  the  presence  of  acetic  acid  as  being  (under  anJ 
noz-iiial  coiiditions  such  as  are  conunonly  found  in  a  hakoiT)  ;iJi  exceotl- 
ing  y  liiuited  and  practically  negligeahle  cause  of  acidity. 
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471.  Briant’s  Researches.  T1  le  next  most  importiint  coiitril)u- 

tioii  to  tliis  sultjoct  was  another  very  valuaMe  p,iper  l)y  liriant,  con- 
trihutecl  to  the  IJakers’  Association  Review,  No.  4,  Vol.  VI.,  189.3, 
and  No.  7,  Vol.  VII.,  1894.  Rriant  j)oints  out  that  there  are  derives 
of  acidity,  and  that  ‘‘  a  sample  of  perft'ctly  sweet  douj^h,  which  o)i 
baking  produced  e.xcellent  bivad,  was  found  to  contain  0'144  per  cent, 
of  acid  ex[)re.s.setl  as  lactic ;  another  samph'  of  dough,  })roducing  a 
flavourless,  brittle'  loaf,  yet  not  appreciably  acid  to  the  taste,  contained 
0’27  per  cent,  of  acid  e.\pres.sed  as  lactic.”  Rriant  then  refers  to  his 
opinion  expressed  in  1888,  and  2)i'eviously  quoted,  that  the  acid  in  sour 
dough  and  bi-ead  consisted  largely  of  lactic  and  butyric  acids,  lie 
next  j)roceeds  to  give  the  i-esults  of  analyses  of  several  .samples  of  dough, 
about  which  he  remai'ks  that 


“  The  first  sample  was  one  analysed  a  considerable  time  ago,  and  it  was 
upon  the  basis  of  the  figures  I  then  obtained  that  I  made  the  statement  in  my 
paper  on  ‘  I’ure  Yeast  ’  as  to  the  acids  present  in  sour  dough.  The  sample  was 
obtained  from  a  London  bakery,  it  was  analysed  a.s  regards  its  volatile  acids 
by  the  method  of  fractional  distillation  devised  by  liuchui.v,  whilst  the  non¬ 
volatile  acid  residue  was  analysed  by  separating  out  the  zinc  salt.  Into  the 
details  of  this  it  is  hardly  necessary  to  enter  here,  but  the  methods  are  perfectly 
well  known  to  those  chemists  who  have  worked  upon  the  subject,  and  have 
been  used  by  myself  many  times  before  for  the  examination  of  acids  present  in 
distillers’  wash,  wort  and  beer.  The  particular  sample  of  dough  operated  upon 
smelt  strongly  of  butyric  acid,  more  strongly,  in  fact,  than  any  of  the  later 
samples  which  I  liave  obtained  ;  and  I  have  reason  to  believe  that  in  this  re¬ 
spect  it  cannot  be  taken  as  quite  representative,  for  as  .a  rule  I  do  not  find  sour 
dough  to  possess  any,  or  at  any  rate  but  a  slight,  butyric  smell.  The  amounts 
of  acetic,  lactic,  and  butyric  acids  were  estim.ated  by  the  method  T  have  men¬ 
tioned,  and  the  following  were  the  figures  obtained  :  — 

Lactic  Acid,  ...  ...  ...  '21  per  cent. 

Acetic  Acid,  ...  ...  ...  ’05  „ 

Butyric  Acid,  ...  ...  ...  ’04  „ 

"  These  figures  .are  probably  not  quite  accurate,  for  I  was  dealing  with  .a 
small  quantity  of  dough,  far  smaller  than  used  in  my  more  recent  experiments  ; 
and,  as  I  have  mentioned,  I  t)e!ieve  the  amount  of  butyric  acid  present  in  this 
dough  was  exceptionally  large. 

"The  following  experiments  give  figures  obtained  from  the  anaRses  of 
different  sanqiles  of  dough,  and  these  were  in  each  case  analysed  by  tlie 
methods  1  have  (pioted. 

“  I  should  mention  that  the  yeast  used  was  in  e.ach  that  of  the  Delft  Com- 
{)any,  <a  brand  which  m.ay  be  regarded  as  practically  free  from  bacteria.  This 
pchnt  is  one  of  much  importance,  as  will  be  seen  when  in  the  second  section  of 
this  paper  we  consider  the  causes  (if  the  production  of  these  acids. 

*•  It  is  well  also  to  bear  in  mind  that  lactic  acid  does  not,  weight  for  weight, 
correspond  to  the  .same  acidity  as  acetic  acid.  Three  {'arts  by  weight  of  lactic 
acid  have  the  same  acidity  as  two  parts  by  weight  of  acetic  acid. 

‘  A.’  (Kresh  dough) — 

laictic  Acid,  .  '024  per  cent. 

Acetic  ^Vcid,  .  .  ...  ...  '038  ,, 

Butyric  Acid,  ...  ...  ..  None. 

‘B.’— 


Lactic  Acid, 
Acetic  Acid, 
Butyric  Acid, 
‘C.’  (Very  acid  dough)  — 
Lactic  ,\cid, 
Acetic  Acid, 
Butyric  Acid, 


■40;')  per  cent. 

•150 

•00  ,,  (about). 

•622  per  cent. 

•245  ,, 

Trace. 


I5UKAI)  MAKIXC. 


1).’  (Same  dough  kept  auotlier  day)  — 
Laetic  Acid, 

Acetic  Acid, 

]>utyric  Acid, 


■  e;- 


Lactio  Acid, 
Acetic  Acid. 
Butyric  Acid, 

Lactic  Acid, 
Acetic  Acid. 


Lactic  Acid, 

Acetic  Acid, 

]}utyrie  Acid, 

"In  addition  to  the  determination 
have  also  devised  a  method  of  my  o\\ 


■742  percent. 
•24!»  ,, 

Itistinct  trace. 

•49:1  per  cent. 
•177.  „ 

Trace. 

'460  j.er  cent. 
•197  „ 


(!.’  (The  same  dough  kept  tlu-ee  (Lays  longer,  then  extremely  acid) — 


1  ’08  per  cent. 

•281  „ 

Heavy  trace. 

of  the  above  by  Duclaux's  method,  I 
n  which  I  have  ttsed  in  addition,  and 


have  by  this  means  checked  the  preceding  tigures,  but  I  jirefer  to  .piote 
])uclau.x'.s  tigures,  as  his  method  is  a  recognised  one,  and  as  there  is  practically 
no  difference  between  the  results  yieldeil  by  the  two  jirocesses. 

“It  will  be  recollected  that  Duclaux  himself  detected  butyric  acid  in  sour 
dough  by  the  fractional  distillation  process  which  I  have  used. 

“The  above  results  clearly  show  that  the  bulk  of  the  acidity  in  acid  bread  is 
due  to  Lactic  acid,  but  that  a  certain  j.roportion,  varying  from  one-third  to 
one-fifth,  consists  of  acetic  acid,  and  that  in  most  of  the  samjiles  the  amount 
of  butyric  acid  is  very  small.  The  samples  in  which  I  have  found  butyric  acid 
have  been  made  in  most  cases  from  inferior  Hour  and  bad  yeast,  and  the 
connection  between  these  and  butyric  acid  is  very  close,  as  I  shall  be  able  to 
show  in  my  next  article  on  the  suljject.  I  believe,  on  the  strength  of  the 
above  Hgures,  that  1  may  claim  to  h.ave  proved  what  ai-o  the  acids  present  in 
Hour,  for  I  have  separated  the  acids  by  recognised  methods  in  a  fair  number 
of  sami.les. 

“Of  course,  all  these  samples  were  badly  acid:  I  purposely  used  .such 
.samples  in  order  to  obtain  more  sharp  di.stinctions.  It  must  not,  therefore,  be 
presuu'ed  that  these  Hgures  represent  the  normal  acidity  of  an  acid  dough. 
With  the  exception  of  one  or  two  samples,  they  rei.resent  dough  at  what  may 
be  considered  its  maximum  of  aciditj' ;  b>it  although  the  acidity  varies,  as  will 
be  seen  in  the  different  s.amples,  yet  the  same  general  rule  liolds  for  all,  viz., 
that  the  bulk  of  the  acid  in  sour  dough  is  lactic,  but  that  there  is  also  a  con- 
sider.able,  and  indeed,  in  some  cases,  a  large  amount  of  acetic  present  also.  It 
is  this  acetic  acid  which,  together  with  l.utju'ic  acid  (if  present),  gives  the 
smell  to  sour  dough — lactic  itself  being  non-volatile  has  no  smell — therefore, 
were  dough  acid  with  lactic  acid  alone,  it  would  have  no  sour  smell,  although, 
of  course,  it  would  taste  acid.” 

Bi’iant  then  remarks  that 


“  Practical  experience  has  shown  that  sour  bread  is  obtained  most  re.adily 
with  bad  yeast,  common  Hour,  and  when  high  temperatures  are  emi.loyecl, 
whilst  the  same  result  is  favoured  by  over-fermentation,  a  slack  dough,  dirty 
yeast  troughs,  and  over-exposure  to  tlie  air  during  the  doughing  stages.  Any 
satisfactory  solution  should  be  able  to  explain  why  it  is  in  i.ractice  that  the 
conditions  which  I  have  named  favour  the  production  of  sour  l.re.ad.” 

By  systematic  bactt'riolooical  investigation,  Brianl  found  micro 
organisms;  and  in  sourdough  identitic'd  lactic  and  acetic  ft'rments,  and 
in  some  cases,  also  the  butyric  ferment.  On  inhibiting  bactciial  action 
by  the  addition  of  chloi’oform,  dough  is  absolutely  pi'cvcnted  going 
acid.  The  cojiclusion  is  therefore  drawn  that  acidity  is  due  tv.  liactei'ial 
action,  d'he  next  point  for  consideration  was  the  source  of  these 
bacteri.a,  which  were  searched  for  among  the  following — water,  air, 
yeast,  dirty  vessels,  and  flour, 
z 
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Practically,  the  results  wei’e  negative  with  water  and  air.  It  was 
found  just  as  easy  to  get  sour  bread  with  sterilised  water  as  with  an 
orilinary  town  supply.  So,  too,  e.\j)osure  to  ordinaiy  air  containing 
niicro-organisins  did  not  produce  any  apprt'ciable,  difi’erenee  in  the 
acidity  of  dough  from  tliat  jaoduced  by  sterilised  air. 

i\Iany  inodein  yeasts  ai’c  j»ractically  bacteria-free,  and  while  an 
impure  yeast  may  cause  .soui-  bread,  yet  Briant  produced  sour  dough 
with  a  pure  yeast-culture  from  a  single  cell.  Whilst  yeast  tlu'refore 
may  cause  sour  bi’ead,  it  is  at  any  rate  not  the  only  cause  for  it.  Dirty 
vessels,  it  almost  goes  without  saying,  are  a  most  fruitful  source  of 
acidity. 

Briant  found  Hour  itself  to  be  a  most  potent  factor  in  producing 
acidity.  Thus,  he  remarks  that 

“  toitil  I  liad  exaniiiicd  a  considerable  number  of  tlour.s,  I  did  not  realise 
fully  how  important  an  influence  they  nmst  have  upon  the  soundness  of  bread. 
But  having  made  bactericdogical  examinations  of  a  large  number  of  samjdes, 
I  am  led  to  the  conclusion  that  it  is  hero  that  we  meet  with  a  very  decided 
cause  of  sourness  in  bread.  The  ditferences  between  flours  in  this  respect  are 
very  great,  indeed  some  are  comparatively — altliough  none  are  ab.solutely — free 
from  bacteria,  but  others  contain  very  large  ([uantities,  and  amongst  them  it  is 
possible  to  very  readily  se])arate  the  lactic  and  the  acetic  ferment.  In  every 
case  of  sour  dough  1  have  found  the  flour  to  contain  acid-producing  ferments. 
In  a  low-class  hour,  which  in  practice  was  found  to  very  readily  yield  .sour 
bread,  unless  worked  with  nmcli  care,  we  find  in  the  Hour  itself  precise!}'  those 
ferments  which  are  afterwards  found  in  the  dougli  and  act  as  acid  producers, 
and  here  we  have  the  real  cause  of  the  acidity.  Where  the  flour  used  by  a 
baker  contains  any  but  a  very  small  proportion  of  bacteria,  there  will  always 
be  a  certain  risk  of  acidity.  By  careful  working  the  baker  may  reduce  this 
risk,  and  particularly  if  he  uses  a  commercially  pure  yeast  and  observes 
.scrigmlous  cleanline.ss.  lie  mail  find  it  perfectly  possible  to  produce  bread 
which  is  i|uite  sound,  despite  the  fact  that  the  Hour  contains  many  bacteria. 
For  several  considerations  bear  uiH)n  the  growth  of  these  bacteria.  First  is 
that  of  temperature.  The  activity  of  the  lactic  ferment,  according  to  I)e 
Bary,  increases  as  the  temperature  rises,  up  to  a  certain  point.  It  grows  and 
jtroduces  acidity  compar.ati vely  slouly  at  a  temperature  of  HO',  but  at 
temperatures  exceeding  70“  it  becomes  extremely  active.  It  re.aches  its 
maximum  of  .activity  at  about  10S“,  above  which  temperature  it  rajiidly 
declines  in  power.  'I’he  acetic  ferment  reaches  its  maximum  at  a  temperature 
between  85''  and  90  ,  at  which  latter  temperature  its  power  of  rejiroduction  and 
acidiHcation  is  enormously  rapid.  *  From  these  considerations  it  is  therefore 

1  Of  interest  in  tliis  connection  are  some  experiments  imblislied  by  Ib-iant  in  18SS,  in  wliicli  lie 
fermented  dougli  witli  yeast  in  tlie  pioiantion  of  12  oz.  to  tlie  sack  at  various  temiieratures,  ami 
determined  tile  amount  of  acidity,  reckoned  as  lactic  acid,  produced.  No.  1  was  a  moderately 
pure  distillers'  yeast,  wbile  No  2  could  not  be  considered  otlier  tlian  as  decidedly  impure.  'I'lie 
brewers’  yeast  was,  however,  very  good  indeed,  lait  worked  extremely  slowly,  and  was  over  two 
liours  longer  than  the  otliers.  Tlie  following  is  the 
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TEMl'HIlATUltn. 

K. 

No.  1. 

UlbTlI.LKIBS’. 

No.  2 

IlI.sTII.I.Klts'. 

No.  3. 
llKKWKItS'. 

lir)’ 

1)  02U  per  cent. 

()'II2()  per  i-ent. 

IbirjO  per  cent. 

7.V 

(I•(I2.5  ,, 

O'tloll  „ 

0(120  „ 

8f) 

()'04()  ,, 

0'(j,50  ,, 

0  030 

1)5° 

U’(I5U  ,, 

()-075  „ 

0-032  ,, 

The  value  of  these  experiments  would  have  heen  much  greater  had  particulars  also  been 
obtained  of  the  amount  of  alcoholic  fermentation  in  each  instance,  riiiis,  siipiiosing  that  in  each 
case  tlie  action  was  arrested,  when  the  same  ipiantity  of  sugar  had  undergone  fermentation,  and 
tlieii  the  acidity  detei  riiined,  one  would  have  much  more  delinite  data  fnan  «  hich  to  decide  as 
to  the  relative  suitability  of  high,  comiiared  with  low,  fermeutiiig  temiieratures  for  bread  uiakiug. 
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at  once  aiiparent  that  whilst  liigh  teiiiiicratures  for  jianary  fermentation  are  in 
all  eases  inulesirable,  yet  in  eases  wliere  low-class  Honrs  are  used,  they  are 
almost  fatal.  In  low-class  Hours  also  there  is  almost  invariably  present  a 
lari^e  e.vcess  of  objectionable  nitroi^enous  bodies.  These  bodies  are  particularly 
suitable  as  a  nidus  uiion  which  the  bacteria  can  feed,  so  that  in  hjw-class  Hour 
we  have  these  additional  causes  of  risk.  Again,  another  very  important 
circumstance  which  contributes  to  sour  bread  is  over-fermentation,  and  the 
cause  (.)f  this  is  very  simple.  ISo  long  as  the  yeast  is  vigorously  working,  so 
long  are  the  bacteria  kept  in  check,  and  just  as  in  the  fermentation  of  wort  in 
a  brewery,  we  find  that  though  bacteria  are  })resent,  yet  the  wort  itself  remains 
free  from  acid  until  the  yeast  has  ceased  its  work,  so  in  baking  the  bacteria 
are  held  in  check  whilst  the  fermentation  is  vigorous.  Immediately,  however, 
the  fermentation  Hags,  the  bacteria  commence  to  act,  and  this  is  ])articularly 
the  case  with  the  acetic  ferment,  which  at  this  stage  is  .supplied  with  the 
alcohol  which  it  converts  through  aldehyde  into  acetic  acid.  In  fact,  whilst  it 
is  po.ssible  for  some  small  ipiantity  of  lactic  acid  to  be  produced  concurrently 
with  the  procedure  of  fermentation  by  the  yeast,  this  is  practically  im|X)ssible 
in  the  case  of  the  acetic  ferment,  which  will  only  commence  to  act  after  the 
yeast  has  finished  its  work.  P>ut  in  order  that  the  acetic  ferment  may  convert 
the  alcohol  into  acetic  acid,  it  reiiuires  the  presence  of  some  o.vygen.  There¬ 
fore  it  is,  tliat  the  more  a  dough  is  kept  free  from  e.xposure  to  air,  the  less 
chance  of  production  of  acetic  acid  there  is,  and  the  practical  experience  of  the 
Ijaker  has  led  him  to  adopt  what  is  practically  accurate  from  a  scientific  point 
of  view,  viz.,  the  exclusion  of  air  so  far  as  is  possible  during  the  fermentation 
process.  Again,  the  production  of  acidity  is  far  more  rapid  if  the  dough  is 
.slack.  When  this  is  the  case,  the  bacteria  are  able  to  thrive  far  more  rapidly 
and  vigorously  than  is  the  case  with  a  stiff  dough,  and  in  some  experiments 
which  I  h.ave  made  as  to  the  speed  of  souring  of  a  stiff  versus  slack  dough,  I 
have  found  a  remarkably  increased  rai>idity  of  souring  with  the  latter,  and 
there  can  be  no  ipiestion  but  that,  from  the  point  of  view  of  soundness  of 
Irread,  the  dough  should  be  kejit  as  stiff  as  is  practicable. 

'•  I'diially,  therefore,  I  may  summarise  my  conclusions  as  follows  : — 

"  1.  The  acids  of  sour  bread  are  acetic  a.nd  lactic  acids,  with  occasional 
small  ijuantities  of  butyric  acid.  Lactic  acid  in  most  cases  is  ]>resent  to  the 
extent  of  two  or  three  times  tliat  of  the  acetic  acid. 

'"2.  The  acid  is  produced  by  bacteria  to  be  found  in  the  dough. 

"  H.  Tiiese  Iracteria  may  be  introduced  by  the  yeast,  by  the  use  of  dirty 
vessels,  and  by  the  Hour,  but  their  jiresenee  in  the  Hour  is  the  must  general 
cause  of  acidity.  Some  high-class  Hours  contain  very  few  bacteria  ;  low-class 
Hours  are  often  sim])ly  teeming  with  them. 

"1.  The  use  of  higli  temperatures  facilitates  the  activity  of  the  bacteria 
which  may  be  pi’esent,  and  is  therefore  objectionable. 

“5.  Tlie  bacteria  are  present,  but  do  not  to  any  large  extent  become  active 
until  the  alcoholic  fermentation  commences  to  Hag.  Hence,  over-proved  dough 
is  specially  liable  to  acidity. 

“  ti.  Slackness  of  dough  contributes  to  the  activity  of  bacteria,  and  therefore 
is  nndesiraljle. 

“7.  Kxjwsure  to  air,  by  su)jplying  the  acetic  fei'inent  with  oxygen,  favours 
its  activity,  and  therefore  fermenting  dough  should  be  kept  as  much  out  of 
contact  with  air  as  is  possible.” 

llriiint’.s  paper.s  rcpi-escnt  a  most  important  iiiece  ot'  w'ork  on  the 
sulijcct  of  sour  l)i'C‘a(l,  and  omltody  some  most  valuable  conclusions,  the. 
jirincipal  among  these  being  the  establislnnent  of  the  connection  b(‘- 
tween  bacteria  pre.sent  in  dough  and  its  acidity,  and  the  furtlnn-  em¬ 
phasising  of  th(i  fact  that  a  most  fruitful  soui'ce  of  acidity  is  tlie  juh'- 
senc(!  of  bacteria  in  Hour.  It  has  long  been  known  to  Itakers  that, 
W(jiking  under  precisely  the  same  conditions,  sourness  is  far  moi'i! 
likely  to  occur  in  “seconds”  tlian  in  “  best  ”  bread,  l)ut  this  particular 
reason — the  gnmter  prevalence  of  Ijacteria  in  low-gi'ade  Hours  has  lunx; 
for  the  first  time  its  due  importance  a.scrilx'd  to  it. 
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472.  Personal  Researches  by  the  Author. — Tlie  iiutlif)r  hu.s 

for  some  year.s  devoted  mucli  attention,  l)otli  in  the  l)akefy  and  al.so 
the  hihoratory,  to  this  jn'oljlem  of  sour  lu’ead.  As  a  lesult,  lie  finds 
Idinself  unalile  to  aifi’ee  with  sonu*  of  the  opinions  e.xjiresstal  liy  I’.riant, 
and  in  the  following;'  jiaragi’aphs  (uideavours  to  e.xplain  tlu'  reasons  foi- 
Ids  inahility  to  conlirm  the  whole  of  Ih’iant’s  concdusions. 

The  first  ])oint  is  tie*  promulgation  of  the  view  that  acetic  acid  is  so 
largely  found  in  .sour  dough.  As  already  ('xjilained,  there  are  very 
cogent  a  priori  reasons  for  the  improhahility  of  any  great  amount  of 
acetic  acid  being  found  in  panary  fermentation  ;  and  ISriant  recognises 
that  acetous  fermentation  must  bean  after  fm-mentation,  ^vhich  will 
only  coinmejice  to  act  after  the  yeast  has  finished  its  work.”  On  examina¬ 
tion  of  Ilriant’s  analytic  results,  w(»  are  at  once  confronti'd  with  the 
fact  that  in  fresh  dough,  sample  A,  there  is  a  higher  j)ro])ortion  of 
acetic  acid  than  in  any  of  the  others.  Analyses  C  and  |)  an*  of  the 
same  sample,  made  at  an  int(>rval  of  a  day  :  during  this  time  the  lactic 
acid  has  materially  increased,  while  the  acetic  acid  remains  stationary. 
Analyses  F  and  O  ai-e  also  made  on  the  sanu'  dough,  but  with  a  three 
days’  interval;  the  lactic  acid  has  incr(*ased  from  OdGt  to  1-08,  or  to 
2'.‘3r)  times  its  original  (]uantity.  The  acetic  acid  has  similarly  risen 
from  0'197  to  0'2G1,  and  is  1’17  times  its  original  (juantity  Although 
acetic  acid  is  undoubtedly  the  result  of  an  after  fermentation,  3'et  a 
relatively  higher  pi'oportion  is  found  in  fresh  than  in  stale  doughs  ;  in 
these  experiments  almost  the  whole  of  the  after  developed  aciditx'  is 
du(‘  to  lactic,  aiul  not  acetic,  acid. 

Following  is  an  account  of  an  indepejident  series  of  exjieriments, 
mad(^  with  tlu'  view  of  investigating  the  causes  of  souring  of  bread. 
Some  of  this  work  was  done  prior  to  the  jiublication  of  Jlriant’s  re¬ 
searches,  and  a  jiortion  of  the  i-emainder  was  sugge.sted  bv  the  results 
of  his  researches. 

The  determinations  of  the  different  acids  wei'e  made  bv  various  jiro- 
cesses  described  in  Cluipter  XXI II,  including  the  application  of  the 
method  of  Duclaux.  (It  will  lie  rcmiembered  that  Friant  fractional!}’ 
distilled  off  his  volatile  acids,  and  estimated  them  Viy  Duclaux’s  method  ; 
he  then  determined  the  lactic  aciil  in  tin'  residue  by  separating  out  the 
zinc  salt,  zinc  lactate.) 

As  a  preliminary  to  the  analyses,  various  tests  were  made  on  tlu* 
methods  themselves.  It  is  obvious  that  the  sejiaration  of  lactic  from 
acetic  and  butyric  acids  by  the  jirocess  of  distillation  is  only  trust¬ 
worthy  on  the  assumption  that,  under  the  conditions  of  the  estimation, 
lactic  acid  is  non-volatih'.  Ihit  in  .Miller’s  “  Elements  of  Chtunistry  ” 
(JiJth  edition,  ylnnstrom^  Or'  Groves),  it  is  statial  (hat  “  cv/  distilling  an 
aqneons  solution  of  lactic  acid,  a  certain  amount  of  acid  volatilises  with 
the  steam.”  In  ordm’  to  inv(‘stigate  this  jioint,  tlu'  following  experi¬ 
ments  w(‘r('  mad('  : — A  .sam})le  of  lactic  acid  was  taken,  which  had 
been  sold  as  clumncally  juire  ;  this  was  tested  for  ac('tic  and  Imtyric 
acids,  but  gave  no  indication  what('V('rof  a  (race  of  them  being  prc'simt. 
'J’his  was  diluted  with  pure  distilled  water,  free'  from  carbon  dioxide, 
and  absolut(‘ly  neutral  to  plumolphthahun,  until  of  a  strength  eiiuiva- 
hmt  to  /j  of  that  of  ccmtinormal  acid.  In  a  distilling  apjiaratu.s,  con- 
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sistiiif^  of  a  llask  and  j^lass  ( Liel)i,if's)  condcniscf,  ]  10  c.c.  of  tliis 

dilute'  acid  was  subjected  to  distillation  until  100  c.c.  had  come  ovt'i-  ; 
the  distillate  on  titration  pos.se.ssed  an  acidity  ('(lual  to  ’i'!  c.c.  of  centi- 
normal  acid.  The  rt'siduuin  in  the'  llask  when  titiated  was  found  to 
reejuire  G3'3  c.c.  of  centinonnal  soda.  In  another  e.\])eiinient  tlue 
ori<final  acidity  was  eeiuivah'iit  to  45  c.c.,  that  of  the  100  c  c.  of  dis¬ 
tillate  to  3-7,  and  that  of  the  I'e'sidual  10  c.c.  to  35-1  c.c.  of  centinonnal 
acid.  In  the'  one  case  about  a  thirty-seventh,  and  in  tlu'  other  a 
twelfth,  of  the  total  lactic  acid  had  come  over  with  the  distillate.  It 
may  be'  taken  as  a  general  result  that,  working'  with  very  dilute  aciels, 
the'  eiuantity  of  lactic  acid  found  in  the  elistillate  is  not  very  large',  but 
it  is  to  l)e  feareel  that  it  is  liablee  to  olescure  conclusions  baseel  on 
nuclau.\’s  system  of  fi-actionation.  It  will  be  imticeel  that  in  these' 
ex]ie'riments  there'  is  a  ceensielerable  loss  of  aciel,  as  the*  sum  ejf  the' 
acielit}’  eef  the  distillate  and  the'  re'sieluum  eloes  not  agree  with  that  of 
the  ejuantity  of  aciel  eeriginally  taken.  In  eerder  to  eletermine  whether 
there  was  any  hiss  by  a  portion  of  the  aciel  escaping  conelensation,  the' 
apparatus  was  fitted  witli  nitrogen  bulbs  containing  centinonnal  soela, 
as  shown  in  Figure  77.  In  a  number  eef  e.Kperiments  higher  and  more' 
regular  results  were  thus  eebtaine'd,  showing  that  some;  eef  the  aciel 
e'seape'd  as  steam.  This  was  particularly  noticeable  when  the  distilla- 
tieen  was  accompanied  by  “  bumping.”  Still  the  amount  of  loss  thus 
.acceeunted  feer  was  nejthing  like  sufficient  to  cover  the  whole  of  the' 
eleticiency. 

A  further  investigatieui  was  made  as  to  the  reaction  to  aciels  of  the' 
dasks  themselves,  anel  it  was  tounel  that  the  alkalinity  eef  a  number  e>f 
flasks  was  meere  than  sufficient  to  entirely  vitiate  the  result  ejf  e.xpeii- 
ments  maele  with  them.  Thus,  for  the  purpose  e)f  te'sting,  110  c.c.  of 
distilh'd  water,  fi'ee  from  carheen  elioxiele  and  neutral  to  jehe'nolphthalein, 
we're  distilled  in  a  AVurtz  llask  until  re'chiced  to  10  c.c.  This  residuum 
was  titrateel,  ami  reepiired  13'G  c.c.  of  centineermal  acid.  Another  110 
c.c.  of  the  same  wate'r  was  boiled  elown  in  a  platinum  basin,  and  the 
remaijiing  10  c.c.  titrated  ;  O'l  c.c.  of acid  preeduced  elistinct  aciel 
reactiejii.  New  flasks  are  found  te)  yie'hl  a  much  largei'  e|uantity  ' eef 
alkali  to  water  than  eelel,  anel  ne)  eleeubt  the  glass  eef  seuiu'  tlasks  is  far 
more'  soluble  than  that  eef  ejthers  Thus,  a  new  400  c.c.  AVurtz  tlask 
was  washe'el  thoroughly,  I'inseel  in  elilute  sulphuric  aciel,  then  waslu'd 
with  distilleel  water,  iinel  attached  tee  a  “  return  conele'nser  ”  (se'e  fat 
eletermination,  Ggure  75,  Chapter  XXII.).  In  the  llask  were  placed 
250  c.c.  of  distilh'el  water,  3  elrops  phenoljehthah'in,  anel  1  c.c.  of  eleci- 
noi'inal  acid.  The  h'ading  tube  eef  the  tlask  was  closeel,  and  the  wate'r 
causeel  tee  beeil  until  a  {)ink  colouriition  apfieare'd.  Aimlhe'i'  c.c.  e)f  eh'ci- 
noi'inal  aciel  was  then  aeldeel  and  the;  boiling  continued,  this  opi'riition 
be-ing  seve'i-al  times  re'peate'el.  The  fetllowing  ai'c  thee  results  : — 

1st  c.c.  eif  aciel  was  neutnili.se'd  by  alkali  elis- 
solve'el  from  llask  in 


2nd  c.c.  of  acid 
3i'd  c.c.  e)f  acid 
4th  c.c.  of  aciel 
5th  c.c.  of  iiciel 


35  minutes. 
28 

57  „ 

45  „ 

40 
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Til  tlu‘ next  pliice  a  flask  of  tlio  rocontly  introduced  “Jena  L^tensil 
tilass  '’  was  similarly  tested.  One  c.c.  of  decinorinal  acid  was  added  to 
water,  as  liefore,  and  the  boiling  continued  for  ’2.';  hours  ;  at  the  end  of 
which  the  contents  of  the  flask  were  titratial,  and  found  to  possess 
an  acidity  of  O’o  c.c.,  showing  that  only  O’.h  c.c.  of  decinorinal  acid  had 
been  neutralised  in  that  time. 

'The  following  experiment  may  now  lie  described  : — A  mixture  of  oiu' 
jiart  “Red  l)og”  flour  with  four  of  baker’s  grade  spring  American  flour 
was  made.  Then'  were  taken  .'1  lbs.  of  this  mixtun',  ^  oz.  di.stillers’ 
yeast,  .{  oz.  salt,  and  very  warm  water.  A  sponge  was  first  made, 
which  had  a  temperature  of  10!)°  F.,  afterwards  a  dough  which  stood 
at  81°  F.  The  s))onge  ami  dough  stood  altogether  21  hours  in  a  warm 
place,  and  then  smelt  sour  and  incipiently  putrescent.  During  the 
time  of  standing  it  was  freely  exposed  to  the  air,  and  .several  times  was 
“handed  up”  so  as  to  work  the  outer  skin  into  the  mass  of  the  dough. 

At  the  end  of  this  time  a  portion  of  the  dough  was  reserved  for 
direct  tests,  and  the  remainder  liaked  slowly  in  a  slack  oven.  (Tlu' 
object  of  tlu'  whole  of  the  treatment  was,  of  course',  to  get  as  sour  a 
sample  as  was  well  possible.) 

Dough. — To  determine  tot.al  acidity  10  grams  of  the  dough  wi'i-e' 
taken,  broken  down  with  neutral  distilled  water  and  titrated  with  A, 
soda  and  phenolphthalein  (this  indicator  was  used  throughout)  : — re¬ 
quired,  10'9  c.c.  :=0-!)81  per  cent,  of  total  acidity,  reckoned  as  lactic  acid. 

For  till'  subsequent  tests  oO  grams  of  dough  were  taken  and  made  up 
to  100  c.c.  with  distilled  wati'r,  1  c.c.  of  chloroform  having  been  added. 
'This  was  thoroughly  mixed  by  ivpi'ated  shakings,  and  allowi'd  to  stand 
over  night ;  of  tlie  clear  sujiernatant  liipiid,  2.’10  c.c.  were  pipetted  oil' the 
till'  lU'xt  morning.  In  10  c.c.  of  this  the  acidity  was  (h'termined, 
being  equivalent  to  IDS  c.c.  of  centinormal  acid.  Of  this  li(|uiil,  110 
c.c.  wi're  taken  and  subjecti'd  to  distillation  by  Duclaux's  nu'thod  in  a 
“Jena”  flask:  the  li(|uid  frotiu'd  .so  that  distillation  could  only  bi' 
conducti'd  with  extri'ine  slowiu'ss,  occuj)ying  altogether  about  two 


hours. 

■  1st 

'I'he  following  are'  the^ 
10  c.c.  elistillate',  O’Jo  c 

re'sults  :  - 
.c.  acid  - 

J’O  y  of  teetal  elistillate. 

2nd 

0  15 

?? 

T'<  ))  !' 

:lrd 

0-55 

•  — 

5-7  ,, 

1th 

0-55 

5^  = 

5-7 

htli 

0-00 

0-2 

0th 

0  (iO 

5' 

0-2 

7th 

1  -05 

M  ~ 

10-9 

8th 

1’70 

17-7 

9  th 

» 1 

1-75 

loth 

'  ) 

2-00 

I? 

20-8 

1  Ith 
Total 

in  flask,  1  D)'l 

aeiditv  of  110  c.c.  = 

129 ’8;  teit.al 

acielity  eif  distillate  =  9’ 

acidity  of  residuum  =  1  I  h-l  ;  loss,  1  29‘8  —  1  2.o’0  =  1 ’8  c.i-.  ('I'he  same 
flask  ('volved,  in  tlii'  blank  experinu'iit,  alkali  eiiuivalent  to  -o  O  c.c.  of 
aciil  in  2^  hours.) 

'Flu'se  results  not  only  alTord  no  evidence  of  tlu'  presence  of  butyi'ic 
acid,  but  ari'  even  lower  in  the  I'arly  stages  than  those'  of  pure  acetic 
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It  seems  prol)al)le  that  with  tlu*  very  slow  I'ate  of  distillation 
absolutely  iiecessary,  the  acid  in  the  earlier  stai;es  I’econdeiises  in  tlu' 
upper  parts  of  the  Hash,  and  so  the  jiroportion  distilhal  over  does  not 
conform  to  Duclaux’s  table.  Another  110  c.c.  of  the  same  230  c.c.  of 
liquid  was  evaporates!  to  dryness  in  a  platinum  basin  over  a  watei’ 
bath,  re-diluted  with  50  c.c.  of  water,  and  again  evaporated  to  dryne.ss  : 
the  residual  acidity  was  equivalent  to  113'5  acid.  The  dixision  of 
acid  in  this  liquid  into  fixed  and  volatile  agrees  closely  in  both  te.sts. 
Taking  that  in  the  platinum  basin  as  leeing  the  more'  correct,  we  have 
out  of  129'Sof  total  acidity,  113'5  of  fixed,  and  IG’3  c.c.  of  volatile 
acidity.  Reckoning  these  as  percentages  on  the  whole  dough,  we  have* 
in  solution  0'7-f  of  tix(‘d  acid  (lactic)  and  0’07  per  cent,  of  volatile 
(acetic)  acid.  Tn  strictness,  it  must  also  be  remembered  that  any 
carbon  dioxide  present  in  the  dough  is  also  estimated  as  acetic  acid, 
making  this  result  too  liigh  rather  than  too  low.  Rearing  in  mind 
Ralland’s  investigations.  Chapter  XXI II.,  in  which  he  shows  that  a 
considerable  quantity  of  the  acid  of  Hour  is  retained  by  the  solid 
matter,  and  not  given  uj)  to  a  tiltensl  solution,  the  acidity  of  the  re¬ 
maining  170  c.c.  of  mixed  litiuid  and  residual  Hour  solids  was  also 
determined.  This  was  found  to  contain  acid  equivalent  to  275  c.c.  -A,, 
acid.  As  dough  contains  approximately  -12  to  45  jier  cent,  of  water, 
the  50  grams  taken  will  contain  about  50-  22  =  28  grams  of  solid 
matter.  Tlierefore  the  residual  170  c.c.  will  consist  of  about 

170-  28=  142  c.c.  of  liquid  and  28  grains  of  .solid  residue  :  and  tlu' 
total  400  c.c,  of  372  c  c.  of  liipiid  and  28  grams  of  solid.  But  as  the 
residual  170  c.c.  contains  142  c.c.  of  liquid,  the  acidity  of  which  is  1-18 
per  c.c.  (by  direct  determination),  then 

142  X  1  18=  167‘5  c.c.  acidity  due  to  the  li(iuid  portions. 

Its  total  acidity,  275  -  1C)7‘5  =  107‘5  acidity  remaining  in  the  solid 
matter.  Calculating  this  as  lactic  acid, 

107’5  X  O'OOOO  X  2  =  0T93  per  cent,  of  acid  remaining  in  solid  matter. 
The  372  c.c.  of  solution  must  contain,  as  by  (‘stimations  07i  110  c.c., 
the  following  ([uantities  of  ti.x(“d  and  volatile  acid  - 

1 13-5  X  372  X  0‘0009  x  2  _  0  792  per  csuit.  H.xed  acid  reckoned 
110  as  lactic. 

IG'3  X  372  X  O'OOOG  x  2  _  O'OGG  peu'  cent,  volatile  acid  I’eckoned 
1 10  as  acetic. 

Suinming  up  these  nssults,  we  have, 

Dis.solved  Hxed  acid  (lactic),  ...  ...  0‘792  percent. 

,,  volatile  (acetic),  ...  ...  O'OGG  ,, 

Undissolved  acid,  remaining  in  solids,  ...  0'193  ,, 


1-051 

Total  acidity  by  direct  determination,  ...  0'981 


Dillerence,  ...  ...  ...  ...  0  070 

Bread.  -  In  common  with  the  dough,  the  bread  snuHt  not  only  .soiii'. 
but  of  putrefactive;  products.  The  Hi'st  estimation  made  was  of  mois 
ture,  of  which  there  was  40' 1  per  cent.,  leaving  59'G  percent,  of  dry 
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Ijn'ad  solids.  Tlu'  jKorcntii^os  of  acid  arc  "ivcn  on  liotli  the,  moist 
and  dry  l)rcad.  Tlie  total  acidity  was  (hHermiiicd  on  10  ^o-anis,  .and 
anionnt(‘d  to  101  c.c.  of  acid  =  O'!)  1 2  per  cent,  of  acid  reckoned  as 
lactic  acid  on  tlu'  moist  bread.  It  may  be  of  inteiest  lien'  to  j)oint  out 
that  10  n'rams  of  dou^di  =  10'!)  c.c.  of  acid,  and  that  ai)])ro.\imately 
10  G  grams  of  dough  are  r(‘(|uired  to  make  10  grams  of  In-ead. 

lO  G  grams  of  dough  have  an  acidity  =  1  1  ho  c.c.  acid. 
lO'O  ,,  bread  ,,  =10'10  ,, 


Acidity  lo.st  during  baking,  =  l'4.h  ,, 

I  '-lo  X  0'00G  =  0'00S7  grams  acidic  acid. 

I>y  this  estimation,  therefore,  the  brt'ad  has  lost  of  acidity,  reckoned 
as  acetic,  O'OS  per  cent.  As  the  bread  still  contains  volatile  acidity, 
and  this  amount  is  slightly  less  than  the  volatile  acidity  of  the  dough, 
the  assumption  is  that  a  slight  amount  of  lactic  acid  has  been  volatilised 
in  the  oven. 

An  aijueous  e.xtract  of  the  bread  was  made  in  precisely  the  same 
manner  as  with  the  dough,  50  grams  being  taken  and  made  up  to  400 
c.c.  with  the  addition  of  1  c.c.  of  chloroform.  The  following  data  were 
obtained  on  the  clear  supernatant  liipiid,  of  which  '2'20  c.c.  were  re¬ 
moved  ; — 


Total  acidity  of  10  c.c.  !)'3  acid. 

110  c.c.  were  sulijected  to  distillation  by  Duclaux’s  method,  and 
boiled  regularly  and  speedily.  The  following  ari'  the  results  : — 

1st  10  c.c.  distillate,  0  is'O  c.c.  -ygg  acid  (bo  of  total  distillate. 


•2nd 
3rd 
4th 
oth 
Gth 
7th 

t^th  ,, 

'Jth 

10th  ,, 

11th  in  flask. 


O'So 

0'S5 

0-95 

I'lO 

I'lO 

1- 25 
I'to 
I'Go 

2- 20 
90'7 


G'9 
G'9 
7'7 
9-0 
9-0 
10 '2 
11-7 
13  5 
17-2 


Total  acidity  of  110  c  c.=  102'3;  total  acidity  of  distillate  =  1 2'2  ; 
acidity  of  ri'siduum  =  !)0'7  ;  gain,  102  9—  102'3  =  0  G  c.c.  of  ,^j,y  acid. 

Thes(‘  results  are  not  viuy  far  apart  from  acetic  acid,  but  are  slightly 
on  the  formic  rather  than  the  butyric  acid  side. 

100  c.c.  w(*re  evaporated  in  a  ]>latinum  basin,  and  gave  79  0  c.c. 
acidity,  ('(|ual  to  S(i'9  on  110  c.c.  102'3  -  SG'9  =  15'4  c.c.  of 
volatile  acid.  Working  thesi'  out  as  percentages  of  lactic  and  acidic 
acids,  we  have  0  G2G  of  lactic  and  0'07;)  of  acetic  acid  on  the  whole 
bi'cad. 

4'he  residual  liijuid  together  with  bread  solids  was  next  examined  ; 
the  total  volume  was  400-  220=  b'^'O  c.c.  As  50  grams  of  bread  were 
taken,  the  liread  solids  were  30  grams.  'Iheretore  the  ri'sidual  ISO  c.c. 
consisted  of 

1  SO  -  .‘iO  =  1 50  c.i'.  of  liquid  and  3t)  grams  of  solids,  and  the  total 
100  consisted  of  370  c.c.  of  li([uid  and  30  grams  of  solid. 
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Tlu'  total  acidity  of  the  residual  liciuid  and  solids  to, toother  is  llOh  0 
c.c.  acid.  r>ut  as  this  coiitaiiu'd  1.^)0  c.c.  of  li(|ui(l,  tlu'  acidity  of 
which  is  O'h.'l  per  c.c.,  then 

l.‘)0  X  O'lKt 1:19-7)  c.c.  acidity  due  to  the  liquid  ))ortion. 

The  total  acidity.  .'lOtJ-U  -  i:l9-r)  =  1  (IG-o  acidity  reinainin^^f  in  the 
.solid  matter.  Calculatimt  this  as  lactic  acid, 

l()G-.o  X  L)-00U9  X  0-’J99  per  cent,  of  acid  remaining  in  .solid  matter. 
The  :170  c.c.  of  solution  must  contain,  as  l)y  estimation  on  110  c.c., 
the  following  (juantities  of  ti.xed  and  volatile  acid  : — 

8G-9  X  ;17U  X  0-0009  X -J  _  0-.G2G  }ier  cent,  ii.xed  acid  reckoned 
fYO  ;is  lactic. 

l.")-d  X  .‘170  X  0-0006  X  2  _0  062  per  cent,  volatile  acid  n'ckoned 
110  ~  as  acetic, 

humming  up  these  results,  we  have, 

Dissolvecl  G.xed  acid  (lactic),  ...  ...  0-7)26  pei-  cent. 

,.  volatile  iicid  (acetic),  ...  ...  0-0G2  ,, 

I'nclissolved  acid  remaining  in  solids,  ...  0  299  ,, 


0-887 

Total  acidity  by  direct  determination,  ...  0-912 


Difference, 


0-027) 


Disfi/lation  in  I'aci/o.-  tiie  next  place,  7)00  grams  of  the  bread 
were  taken  and  distilled  in  vacuo  by  the  method  described  in  Chapter 
XXIII.,  Ggure  76;  the  bread  being  i-aised  to  a  temperature  of  120 — 
125°  C.  The  amount  of  distillate  was  220  c.c.,  of  which  10  c.c.  were 
taken  for  determination  of  total  acidity,  and  were  found  to  possess 
acidity  equal  to  11-4  c.c.  iicid.  Ten  gi-ams  of  the  residual  di-y  bread 
had  an  iicidity  equiil  to  lG-0  acid.  Calcukited  as  jicrcentages  on 
the  whole  bread,  these  are  eciuiviihmt  to  0-:50  pei-  cent,  of  vokitile 
(acetic)  achl,  and  0-864  per  cent,  of  fixed  (hictic)  acid. 

Of  the  distillate,  100  c.c.  were  eva])or;ited  to  dryness  in  a  platinum 
basi)i  and  tidvcn  up  with  distilled  wiit(*r ;  the  iiddition  of  one  di-op  of 
10(7  gave  iin  alkiiline  reaction  with  ])ln‘nol))hthalein,  showing  that 

tin'  distillate  was  to  this  e.xtent  free  fi-om  fixed  iicid.  The  i-eniiiinini;- 


c.  were 

distilled  bv  Duclaux’s  method 

ill  tli(^  ‘‘ 

Jena  ilasl 

1  lowing 

results : — 

1  iio  = 

A. 

Per  cent,  of 
totiil  ilistillate 

11. 

_  Per  cent 

total  acid  in 

l.st  10 

c.c.  distillate. 

7) -80  c.c. 

G-4 

4-G 

2nd 

5}  ... 

6-60  „ 

7-4 

5-4 

:b-d 

7-70  „ 

8  5 

(i-2 

4th 

^  «  ... 

8-;50  „ 

9-2 

G-G 

7)th 

... 

8-10  „ 

9-4 

G-7 

Gth 

5^  ... 

8-80  „ 

9-8 

7-1 

7  th 

?  ^  ... 

9-G7)  „ 

10-7 

7-7 

8th 

M  ... 

9-80  „ 

10-9 

7-9 

9th 

11 -.45  „ 

12-6 

9-1 

loth 

??  ... 

1.4-50  „ 

15  0 

1  1  0 

nth  in 

fliisk. 

44-45  „ 

27-9 
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lota]  acidity  of  110  c.c.  =  ISa-d  ;  total  acidity  of  distillate  =  89‘9  : 
aci<lity  of  residual  10  c.c.  =  34-:ir)  ;  loss,  12r)4  -  1 =  1 -1  o  c.c.  of 
1  (10  R^-'id. 

On  TH'feri'ing  to  the  table  of  distillation  of  mixture's  of  acetic  and 
hutyric  acids,  Chapter  XXITL,  and  coni[)arinf>-  column  A  with  that  for 
n  mixture  of  20  jearts  acetic  to  1  part  of  Imtyric  acid,  the  ti, inures  closely 
a.e;ree,  h(‘in,<;'  distinctly  on  the  butyric  acid  side  of  jiure  acetic  acid.  It 
may  be  considei-ed  proved  that  a  trace  of  butyric  acid  is  present,  ecjual 
to  approximately  of  the  amount  of  acc'tic  acid.^  Calculating  into 
percentages,  we  liave  of  the  total  acidity, 

12r)4x20 

=  1 19'4  c  c.  acid  due  to  acetic  acid  ; 


21 

12r)-4_ 

^  2r  “ 


G-0 


c.c. 


butyric  acid. 


Then  as  110  c.c.  of  distillate  were  obtained  from  2-50  gi'ams  of  bread. 
1 1  9'4  X  O'OOOG  X  2  _  0'028  jrer  cent,  of  acetic  acid  in  whole 
;■)  bread, 

and  G-0  X  O'OOOSS  X  2  _  0'002  jrer  cent,  of  butyric  acid  in  whole 
5  bread. 

iSummiirg  up,  we  have  the  following  as  the  general  results  of  the 
fliti'eri'iit  analyses,  e.xjrressed  in  percentages,  those  cm  bread  being  cab 
ciliated  on  both  the  whole  bi-ead  and  dry  i-esidue 


\X)VGU. 

Totiil  Jicidity  by  direct  determination,  0-981 

Wliole. 

0-912 

Dried. 

1-521 

Dissolved  tixed  acid  (lactic), 

0-792 

0-520 

0-87G 

,,  volatile  acid  (acetic),  ... 

O-OGG 

00()2 

0-103 

Undissolved  acid,  remaining  in 

solids, 

0-193 

0-299 

0-498 

Disiillatio)!  in  I'nciio — 

Fixed  acid  (lactic),  ... 

0-8G4 

1-440 

A’olatile  acid  (acetic), 

.  .  . 

0-030 

0-050 

Fracti(')ial  Rcdistillafioii  oj  Vaciciun 

Distillate — 

Acetic  acid,  ... 

0-028 

0-047 

Jlutyric  acid, 

.  .  . 

0-002 

0-003 

Comjrai-ing  the  n'snlts  of  the  two  dilh'i-ent  rni'thods  of  analysis  em¬ 
ployed,  w(;  find  that  with  a(|ueous  distillation  about  of  the  total 
acid  in  both  dough  and  bi-i'ad  was  found  to  Ire  volatile.  Employing  the 
di-\'  distillation  nu'thod  itn  bread,  of  the  total  acid  was  volatile  at 


'  J)iicl:mx  jioiiits  out  that  witli  the  use  of  a  lai-cer  distilliug  flask  a  liiyher  iivoportioii 
<tf  acid  reiuains  in  thir  residual  10  e.e.,  that  is,  that  with  a  ei-eater  jiroiiortioii  of 
i-eturn  eoudeirsatiou,  iiioi-e  aeid  esea[ies  distillation.  .\s  slow  distillation  also  means 
moi-e  returrr  eoudensatiou,  the  same  i-esult  follows.  'I'he  use  of  ehai’ced  traji-hulhs. 
b,  l''ii;ure  77,  with  the  distilling  a]t])aratus,  necessitated  slow  workine  ;  lienee  the 
eeiieral  error  of  e.xjieriment  is  in  the  direction  of  lesseniii!.;'  the  apiiarent  quantitj'  of 
Irutyrie  aeid. 
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120°  C.  in  vacuo.  As  tt>  tlie  relative  accuracy  of  the  two  methods,  the 
former  presents  tlu'  initial  dithculty  that  the  whole  of  tlie  acid  is  not 
obtained  in  the  acjueous  extract  ;  and,  furth(*r,  that  a  })ortion  at  least 
of  the  lactic  acid  distils  over  with  the  steam.  Tt  may,  on  the  other 
hand,  he  objected  that  the  whole  of  the  acetic  acid  is  not  volatilised  hy 
the  treatment  in  vacuo.  Weigert,  however,  has  shown  that  by  dis¬ 
tilling  wines  in  a  vaeuum,  the  whole  of  the  acetic  acid  can  be  obtained 
(Zeitsch,  jiir  Analyt.  Cheniie.,  1879,  207).  A  number  of  other  com¬ 
parative  determinations  were  made,  but  in  all  cases  the  aqueous  ex¬ 
tract  method  gave  considerably  higher  volatile  acids  than  distillation 
in  vacuo. 

The  following  ex[)eriments  were  conducted  with  the  view  of  studying 
the  progress  of  sourne.ss  with  the  prolongation  of  fermentaticm  : — 

A.  Scries. — (^tuantities  taken  -lb  Ib.s.  spring  American  1st  patent 
Hour,  9  lbs.  water  at  10°  C.  (101°  F.),  4  oz.  compn'ssed  distillers’  yeast, 
and  2  oz.  salt. 

A  ferment  was  tirst  set  with  all  the  water  and  a  portion  of  the  Houi-  ; 
in  40  minutes  the  dough  was  made,  and  had  a  temperature  of  27°  C. 
(80°  F.).  It  was  maintained  at  this  temperature  for  20  hours,  and 
then  allowed  to  stand  at  the  temperature  of  the  room  for  another  21 
hours.  At  intervals,  as  given  in  the  following  table,  the  dough  was 
“  knock(‘d  down,”  re-kneaded,  and  a  portion  of  2  lbs.  8  oz.  taken  and 
baked  into  a  loaf. 

B.  Series — Quantities  taken — 12  lbs.  spring  American  bakers’  gi’ade 
and  3  lbs.  low  grade  (red  dog)  Hour-,  other  ingredients  as  in  A.  Treat¬ 
ment  pi-ecisely  as  in  A. 

The  following  are  the  tinres  at  which  loaves  from  both  series  were 
baked  : — 

Xo.  1.  Put  in  oven  3.|  hours  after  .setting  ferment. 

??  59 

55 

J5  55 

M  55 

55  55 

5  5  5  5 

The  following  were  the  characteristics  of  the  resirective  loaves  : — 

A.  iSeries. 

Xo.  1.  Sweet  in  smell  and  taste. 

,,  2.  If  anything,  slightly  darker  in  coloui’ ;  slightly  mawkish  smell 

and  taste,  not  sour  oi'  yeasty,  crust  paler. 

,,  3.  Colour  darker-,  mawkish  llavour  disappeared,  incipient  sour- 

smell,  but  no  ,soui-  taste. 

,,  4.  Colour  darkm-,  loaf  heavy  and  close,  somewhat  yr'asty  simdl, 

but  no  decided  sour  llavour. 

,,  b.  Small  and  close,  colour-  about  same  as  4,  sour-  smell,  taste  lu-id 
and  disagt-ecidrle. 

j-  Sour  and  puti-escent. 


•) 

3. 

4. 
b. 
G. 
7. 


G 

9 

12 

lb 

2U 
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15.  Series. 

No.  1.  Characteriistic  odour  of  l)r('ad  from  low  grade  llourts,  but  per¬ 
fectly  swe('t  in  taste  and  smell. 

,,  '2.  Colour  very  dark,  sour  smell,  taste  slightly  sour. 

,,  .‘5.  Colour  changed  from  yellowish  to  dark  rinldish  brown.  J^ess 

sour  smell  than  2.  Unpleasant  taste,  rather  of  decomposi¬ 
tion  than  acidity. 

,,  I.  Ueddi.sh  brown  colour  much  intensified.  Slightly  sour  smell. 
Taste  similar  to  .‘5,  but  mori'  marked. 

.,  b.  Colour  as  d.  Smell  and  taste  inten.sitied. 

,,  G.  Sour  and  putrescent. 

„  7.  Sour  and  putrid. 

None  of  these  had  had  the  characteristic  sour  smell  of  bakers'  sour 
liread. 

The  following  are  the  results  of  determinations  of  acidity,  the  total 
being  determined  on  the  whole  bread  ;  the  volatile  by  distillation  in 
vacuo  ;  and  the  fixed  or  non-volatile,  in  the  dried  residue  from  this 
<listillation.  ’  As  the  moisture  in  the  diflerent  samples  varied,  the 
results  are  throughout  calculated  on  the  dry  solids.  These  can  b(‘ 
.approximately  converted  into  those  on  the  whole  bread  by  multiplying 
by  0-G. 


PERCENTAGES  OF  ACTDITV  IN  SOUR  BREAD. 


A.  SKIilES. 

It.  SKKIKS. 

No. 

Ratio  of 

Ratio  of 

I'otal. 

t’olatile. 

Fixect. 

V'olatile  to 
Total. 

Total. 

Volatile. 

Fixed. 

Volatile  to 
Total. 

1 

0-477 

0-00:5 

1 

1  A  0 

1-140 

1-127) 

o 

0-407 

0-0  U) 

0-40.n 

1 

1-041 

0-042 

0-!»72 

:5 

0-4i)l 

o-o;5o 

0-411 

1 

l-:500 

0-102 

1-14:5 

1 

1  '1 

4 

0-G71 

0-0!)0 

0-7)4!) 

i' 

1-G47 

0-27)2 

1  2()!1 

1 

r> 

1-lOS 

0-120 

0-720 

2-2S9 

0-1 2S 

1-:514 

i 

1  7 

G 

1-110 

0  0S7 

0-747 

1 

2 -GOO 

0-11:5 

1  -7  4G 

1 

•j  ;T 

7 

1-4.07 

0-05'J 

0-!)00 

1 

•J  1 

2-82S 

o-i:5i 

1  -!)S0 

i 

l 

Curiously  in  both  .sei'ii's  the  total  acidity  is  less  in  the  second  than  in 
the  first  loaf:  with  this  (‘xcejition  the  total  acidity  steadily  rise's 
throughout  the  two  si'rii's.  'I'li)'  volatile  aciilit}'  (rcckoneil  as  acetic) 
attains  its  maximum  in  Se'i  ies  A.  in  12  hour.s,  and  in  si'rics  15.  in  U> 
hours,  after  which  it  diminishes.  The  ratio  of  volatile  to  total  acidity 
is  in  both  cases  highest  with  tlu*  No.  I  loaf.  Appari'iitly  after  that 

'  'I’lir  wlieli;  of  tlu^se  distilliitf.s  were  sulijectcd  to  fractional  distillation  by  I  Inclanx  .s 
inctliod.  Owiiij^,  however,  to  snl).sc(|ncntly  finding  that  the  tl  isks  used  gave  a  strong 
alhaliiu!  reaction,  the  author  <loes  not  feel  justified  in  (|Uoting  the  results  as  trust¬ 
worthy,  and  therefore  has  not  inserted  them.  'I’he  .same  remark  aiiplies  to  a  large 
immberof  other  I  bielaux  estimations. 
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tiiiie  till'  jti'oduction  of  volatile'  acid  doe's  iieet  ke'e'p  pace;  with  its 
e'vaieofatiem  fi-e)iii  the'  eloiii^h.  (It  should  also  lee^  ine'iitieuu'el  that,  as  the' 
loave's  were'  iuialyse'd  in  the;  oi’elcr  niaele,  the'  latte'r  eencs  had  he'ce)nie‘ 
seiiiie'whnt  elrier  whe'u  suleje'cte'el  to  analysis.)  Owing  tee  the  elark  colour 
e)f  the'  elrie'el  hrcael,  the'  ele'te'rinination  eef  li.xe'el  aciel  w;is  elitlicult  eewing 
to  unce'rtainty  as  tee  thee  c.xact  peeint  eef  ne'utrality  as  sheewn  liy  the' 
inelicator.  In  these'  hreaels  No.  L»’s  euv  worke'el  more*  than  the  hake'r 
weeulel  work  them  in  actual  leracticc ;  while  Nei.  :5  eef  each  serie's  is 
far  seeure'i-  than  e'ven  ;i  />akers  very  sour  loaf.  The  othe'rs,  of  course*, 
re'pre'.sent  extreme*  results  alteigether  outsiele  those  of  actual  pi'actice'' 
Ne»te  that  in  Nea.  3  A.  the  volatile  acielity  is  only  of  the  totiil,  ;ind 
in  Net.  o  15.  of  the*  totiil  acidity. 

In  the  next  place  ;ire  given  the*  results  of  ;in  experiment  with  i\ 
potate)  ferment,  jitirpose'ly  iillowed  tee  proce'eel  to  extreme  sourneiss. 
peetato  ferment  was  made  from  30  grams  of  potate),  100  grams  of  wate'r 
in  which  the  peetato  Wiis  hoiletl,  5  grams  liiw  tleeur,  and  lO  giams  of 
yeast.  Ihis  was  fermente'd  ;it  On"  F.,  jiml  niiiintaineel  at  tluit  te'in- 
perature  ove*r  night  in  an  uncovere'd  shallow  hasin.  The  next  morning 
the  ferment  was  maele  up  te)  300  c.c.,  with  water  at  130°  F,  and 
sufficient  tloui  aelded  te)  niiike*  a  slack  spe)nge,  which  hiiel  ;i  te'mperature* 
of  On  F  1  he  total  aciel  reckoned  ;is  lactic  iv;is  eletermineel  in  10 
grams  of  the  whole  .sponge,  and  the  volatile  anel  fixed  acids  in  the 
tdtereel  chlorofoi'meel  iiepie'eeus  extract  in  the*  manner  previouslv  de*- 
scrihed.  The  folle)wing  we*re  the  results  : _ 


Total  acielity  as  lactic  acid, 
Dissolveel  hxeel  iiciel  (lactic) 

,,  volatile  aciel  (acetic),  ... 
llatio  e)f  veelatile  tee  teetal  aciel. 


97  ])er  cent. 
148  „ 

>53 


The  .sponge  was  alloweel  te)  work  for  six  hejurs  anel  then  doughed  ui) 
with  more  Hour,  alloweel  te)  work  U  hours  anel  hakeel.  The  followiim' 
are  the  results  of  eleterminations  em  the  bread.  The  teetid  acielity  was 
determined  on  the  whole  bread,  anel  volatile'  and  lixeel  aciels  by  elistilla- 
tioii  in  vacuo. 


^  Wliolti  Bread. 

Total  acidity  as  lactic  acid,  ...  ...  FLoS 

Fixeel  aciel  by  elistillatieen  in  vacuo  (kictic),  FOlf) 

\  olatile  ,,  ,,  (acetic),  0'038 

Ratio  of  volatile  to  total  acid,  i 

’  ■  •  •  •  ;i  0 


Dried. 

1  -93.0 
1-092 

0-0()4 

1 

:i  () 


The  j)iincipal  feature  is  tluit  again  neither  in  spejiige  or  in  elough  is 
there  more  than  a  very  smeill  propeei'tion  ejf  volatile  acid. 

Following  em  the'se'  were  some  e'xperiments  maele  on  hedce'i-s’  bi-e'aels. 
)ne  linn  in  the'  .south  e)f  Fngland,  anel  iinother  in  (Glasgow,  were*  kinel 
e*nough  to  reserve*  a  loaf  of  one  biitcli  beike'd  in  the  usual  inamu)! 
(No.  1),  anel  eilse)  to  set  asiele  dough  feer  twe)  other  loave.s,  one  of  which 
(No.  2)  was  b;ike*el  in  each  case  when  at  the  utmost  limit  of  .soui-ne'ss 
even-  found  m  leractice*,  ami  the  other  (No.  3)  several  houi-s  eifter.  The 
o  owing  aiee  the  i-esults  of  amilysis  maele  eis  be'fore*  by  vacuum  elistilki- 
tions,  iinel  in  filtercel,  chleire)formeel,  aejiu'ous  extract  _ 
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I'.iiKlisli.  Scotch. 


'wiiole 

' 

\Vli()]e 

> 

Diieil. 

lircad. 

Dried. 

Total  acidity  as  l.actic  acid, 

O-M-2 

0-604 

0-258 

0-431 

Fi.xcd  acid  by  distillation  hi  racuD 

(lactic), 

0-585 

0-243 

0-406 

Vobitile  ,,  ,, 

(acetic),  0  000(1 

0-001 

0-005 

0-008 

Ratio  of  volatile  to  total  acid. 

] 

Dissolved  fi.xed  acid  (lactic)  by  a([)teous 

(h.stdlatioii. 

0484 

0-:i07 

Di.ssolved  volatile  acid  (acetic), 

0-009 

0-016 

Ratio  of  volatile  to  total  acid, 

1 

•  •  •  T  R 

1 

1  ;• 

Total  acidity  as  lactic  acid, 

0-.”)4,a 

0-891 

0-342 

0  '5  /  0 

Fixed  .acid  by  distillation  in  vacuo 

(liictic),  0-191 

0-819 

0-324 

0-540 

b'olatile  ,,  ,, 

(acetic),  0-025 

0-042 

0-008 

0-013 

Ratio  of  volatile  to  total  acid, 

1 

-‘2\ 

1 

1 

1 

■il 

1 

4  4 

'I'otal  acidity  as  lactic  acid. 

0-759 

1  -265 

0-342 

0-570 

Fixed  acid  by  distillation  in  vacuo 

(lactic),  0-()96 

1-161 

0-318 

0-531 

Volatile  ,,  ,, 

(.acetic),  0-046 

0-060 

0-017 

0-028 

Ratio  of  volatile  to  total  acid. 

1 

1 

1 

1 

2  U 

1 

u 

Tlirouo'liout  tliis  series  also  tlie  proptjrtioii  ot‘  voliUih*  acid  is  very  low. 

Excluding  those  exanijiles  in  which  ticidity  was  puslied  far  heyoncl 
any  instance  ever  occurring  in  practice,  the  -vohitiie  acids  found  hv 
tlistilliition  amounted  to  from  to  the  total  acid  of  tin*  dough.  In 
till*  instiincf'  cpioted  of  a  loaf  in  the  hist  stage  of  sourness,  tin  iimount  of 
butyric  acid  was  found  iippro.ximately  eipuil  to  ;ihout  tlie  total 
vohitiie  iicid.  The  ticidity  of  bread  may  be  divided  among  tlie  following 
acids  in  ajiproximately  tlie  following  jirojiortions  : 


Liictic  iicid. 
Acetic  ,, 
Ihityric,  ... 


about  9.')  ]>er  cent. 
...  ...  *1  ,, 

from  O'O  to  tibout  U’b  ,, 


The  ([uestion  has  been  alretid}'  rtiisial  as  to  how  far  the  baker's' 
sourness  is  dejx'iident  on  the  cJicmists'  ticidity  of  bretid  ;  this  jirolilem 
merits  further  extimintition.  The  jitirticulars  of  the  iirogressive  series 
of  tests  given  on  ptigt^  979  should  be  studied  in  this  connection,  'raking 
lirst  the  A.  series  on  ptitent  Hour,  No.  4  loaf  htid  no  decided  .sour  llavour, 
while  No.  b  tasted  acid.  No.  4  laid  ti  total  ticidit}’  of  04)71,  while  thtU 
of  No.  b  wiis  I'lOS  percent.,  so  thtit  a  intirked  iiicretise  laid  occurred. 
Comptiring  the  1!.  series.  No.  2  wtis  slightly  .sour  with  tin  ticidity  of 
14)11,  altliough  No.  1  with  ti  slightly  higlun-  ticidity  wtis  swi'ct  to  the 
ttiste.  It  must  be  remembered  tlait  in  the  I!,  series  the  laitunilly 
strong  coiirse  Ihiiour  of  thi'  Hour  used  naidit  it  dillicult  to  detect  slauh's 
of  acidity  with  tint  jialate.  Detiling  with  the  smell.  No.  il  A.  wtis  found 
to  laive  incijiient  sour  smell,  with  volatile  ticidity  of  O'O'M  :  turning  to 
the  1>.  .series.  No.  2  has  a  sour  smell  svith  ti  vohitiie  ticidity  of  0'042. 

<  )n  studying  the  higlau'  number  of  ('ticli  series  there  is  ti  stetidy  increase 
of  tottil  ticid,  but  in  liotli  A.  and  lb  the  volatile  ticid  is  lower  in  these 
higher  numbers.  So  thtit  7  A.,  with  an  exceedingly  sour  smell,  has 
less  vohitih'  ticid  tlain  No.  1,  which  it  ftir  trtin.scends  in  odour.  'The 
.same  tipjtlies  to  the  Jb  series  where  No.  G  conttiins  prtictictilly  the  stum- 
amount  of  volatih;  acid  as  does  No.  H,  tilthough  No.  .4  snudls  less  sour 
tlaui  2,  whiU'  No  G  smelt  sour  tind  putre.scent.  Siu'tiking  in  a  general 
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way,  sourness  and  acidity  ,i,0)  to>j;(‘tlier,  and  brc'ad  witli  a  total  acidity  of 
jd)out  O'")  jH'i-  cent,  and  a  volatile  acidity  of  about  U-Olib  bc^o'ris,  esjiecially 
in  the  biu;liest  class  breads,  to  both  taste  and  smell  sour.  Hut  lower 
grade  breads  can  cany  a  much  higher  proportion  of  total  aciditj-,  and 
have  its  taste  marked  with  the  natural  strong  llavour  of  the  Hour.'  Hut 
although  .sourness  and  acidity  are  closely  associated,  yet  the  bakers’ 
sourness  comprehends  more  than  is  e.xpressed  by  acidity,  as  is  shown  by 
the  increasing  “sourness  ”  to  the  nose  of  Xos.  5,  (i,  and  7  of  both  serie.s, 
and  the  simultaneously  decreasing  volatile  acidity.  As  indicated  in  the 
description  of  the  various  breads,  bakers’  sourness  also  includes  and 
takes  cognisance  of  incipient  j)utrefactive  changes.  If  this  be  the  cast', 
“sourne.ss”  should  be  accompanied  by  evidence  of  other  chemical 
changes  :  as  proteids  break  down  in  putrefaction  into  comitound  and 
simple  ammonias,  the  following  determinations  were  made  on  bread, 
live  grams  of  the  bread  wen*  taken,  brtjken  dowm  in  water,  and  hirgt* 
e.xcess  of  caustic  soda  added  :  the  mixture  was  then  distilled  in  a 
current  of  steam  and  the  distillate  collected  in  .oO  c.c.  of  A  acid. 
Determinations  were  niiide  on  the  three  samples  of  English  bread, 
particulars  of  which  are  given  on  page  .'ISl.  The  following  are  the 
l)ercentages  of  ammonia  (reckoned  as" Nil,),  calculated  on  tlie  whole 
bread  : — 

English  Bread,  No.  1.  ...  ...  (h.dO  per  cent, 

o  No.  -2.  ...  ...  O'lO  „ 

o  No.  ;k  ...  ...  0-42  „ 

Ihe  amount  of  increase  is  not  very  great,  but  as  a  similar  increas(* 
of  ammonia  has  been  noted  in  other  breads  tested,  evidence  is  afforded 
that  bakers  sourness  is  accompanied  by  other  changes  in 
the  constituents  of  the  bread  in  addition  to  the  development 
of  acidity. 

riiis  (pie-stiou  of  sourness  is  of  vast  importance  to  the  bakc'r,  and  is 
idso  the  baking  problem  on  which  clu'mistry  has  the  most  direct  bearing  ; 
it  therefoi-e  merits  most  careful  attention  in  all  its  details.  Among 
J>riants  observations  is  that  lactic  and  acetic  ferments  Hourish  bi.'st  at 
a  high  temperature,  and  therefore  that  “  high  temji(*ratures  for  jjanarv 
fermentation  are  in  all  cases  undesirable.”  The  assum[)tion  that  higii 
temperatures  are  more  usually  accompanied  by  the  production  of  soui- 
bread  than  lower  ones  is  so  directly  the  opposite  of  many  bakers’  ]>ractical 
experience  that  it  merits  most  careful  (ixamination.''  Among  breads 
'\hich  ait^  normally  worked  at  a  high  tem2)eratur(i,  the  following  stand 
out  pre-emiu(‘nt  : — Nevill’s  bi'ead,  made  in  London  from  straight  grades 
of  comjiaratively  weak  Hour;  and  Hcjvis  bread,  made  from  a  m(*al 
containing  25  per  cent,  of  germ.  The  temperature  of  the  dough  for 
the  latter  is  about  90—95°  E.,  and  yet  if  two  breads  were  to  be  named 
in  which  sourness  was  most  rare,  the  two  mentioiu'd  would  lii’st  pr('S('nt 
thein.selves  to  the  mind  of  the  author.  In  precc'ding  paragraphs  a 
summaiy  of  the  course  of  f(*rmentation  has  be(*n  gi\'en,  while  high 
temperatures  have  been  mentioned  as  accelerating  tlu*  whole  of  that 
course ;  consequently,  at  a  high  temperature,  (!vervthing  else  Ix'ing 
yqual,  the  sour  stage  is  I'eached  in  less  time  from  the  comiiKmcement  of 
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settini'  ;i  fi'rment,  sponge,  or  dougli,  tliaii  if  ;i  lower  teinpcn’iiture  be 
iidopted.  I>ut  if  ferinentatinn  be  arrested  at  the  same  stage  of  its 
progr(>ss,  tliere  is  no  more  danger  of  brc'ad  worked  warm  l)ecoming 
sour  tlian  tliat  wlneli  is  workotl  cold.  Tlu'  ciaicial  point  as  to  tern 
[)ei-atnr('  is  wlu'tliei-,  for  tlu^  same  amount  of  carl)o7i  dioxide  gas  evolverl 
during  alcoholic  fermentation,  mort*  acid  is  produced  at  a  high  tempera¬ 
ture  than  a  low  one.  Fn  oi-dei-  to  (ducidate  this  point  the  following 
experinumts  were  made  ;  .Mixtui’es  were'  pix'pared  of  bO  gi-ams  Hour, 
l’OO  c.c.  water,  and  'J'b  grams  di.stillers’  yeast,  and  10  grams  brewers’ 
yeast  respi'ctively.  Tlies(‘  were  placed  in  the  j’east-testing  ap])aratus, 
figure  liO,  and  fermented  at  the  ix'spectiv'e.  temperatui’es  of  7b°  and 
I-'k,  which  in  ('ach  case  wei'c  maintained  constant  until  HbO  c.c.  of 
gas  bad  b(s*n  evolved.  The*  oi'iginal  acidity  of  the  mi.xtures  was  de- 
tm  niiiK'd  in  duplicates  made  up  for  the  purpose.  As  soon  as  the  .’bbO 
C.c.  of  gas  had  been  obtained,  '2  c.c.  of  chloroform  were  added  to  th(‘ 
contents  of  the  bottle,  which  was  shaken  up  and  allowed  to  stand  until 
all  wer('  ri'ady  for  titration,  when  the  acidity  was  onc(*  moi’e  detei’iinned. 
Two  com})lete  series  of  estimations  wei-e  made  on  successive  days.  Tn 
another  similar  experiment  with  distillers’  yeast  the  fernumting  mix¬ 
ture  was  tii'st  maintained  at  1)0°  F.  until  17”)  c.c.  of  gas  had  been 
evolved  :  it  was  then  cooled  to  70°  F.,  and  k(‘pt  at  that  temperatui-e 
until  90  c.c.  mon‘  had  come  oven’.  The  temperature  was  then  again 
raised,  and  maintaiiual  at  ho’  until  the  whole  doO  c.c.  of  gas  had  been 
evolved.  The  following  table  gives  the  time  ixajuired  for  the  evolution 
of  doO  C.C.  of  gas,  th(!  original  acidity,  the  tinal  acidity,  and  the  amount 


•oduced  during  fermentation. 

reckoned 

in  each  ( 

jase  as  lactic 

aciil  -. — 

Time 

Produced 

taken. 

Orifri  nal 

Final 

diirinc 

nimrs. 

Acidity. 

.\cidity.  Fermentation. 

1  tistillers’ veast  at  7b°  F.,  . 

..  lui 

U-175 

0-d9d 

0-219 

ilb”  F 

dl 

0-175 

0-290 

0-1  lb 

I’mewers’  ,,  7b°  F  ,  . 

..  iT 

0-228 

0-424 

0-196 

9b°  F 

b 

0-228 

0-442 

0-214 

Repeats — 

Distilh'fs’  yeast  at  7b°  F.,  . 

. .  1 1 .1 

0-dl5 

0-540 

0-225 

„  „  95“  F.,  . 

•• 

0-dl5 

0-49b 

0-180 

Rrewers’  ,,  75°  F.,  . 

..  11 

0-157 

0-<579 

0-522 

95°  F 

.. 

0-157 

(1-670 

0-5  Id 

Distiller.s’  yeast,  jiartly  at  75 

and  partly  at  95°  h’., 

••  7] 

0-dl5 

0-49b 

0-180 

With  the  distillers’  yeast,  in  both  instanct's 

thei-e  is  for 

the  same 

amount  of  alcoholic  fermentation  a  greater  (h'velopnumt  of  acidity  at 
the  lower  bunperatuia'  ;  while  with  the  brewei's’  yeast  there  is  in  the 
one  case  slightly  more  acid  at  7b  and  in  the  other  a  slightly  greater 
((uantity  at  the  higlau-  temi)ei ature.  In  jiassing,  attention  is  directed 
to  the  much  higlu'r  acid  pi'oducing  power  of  the  brewei’s’ yeast  on  the 
second  day  (with  a  difl'erent  sample)  than  tlu‘  first.  Itoth  the  juactical 
('xjierienct'  of  the  bakery  and  tlu'se  t('sts  go  to  show  that  for  the  same 
amount  of  alcoholic  fermentation  a  comparatively  high  tern 
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perature  is  at  least  not  more  productive  of  acidity  than  a 
iiiuch  lower  one.  The  la.st  e.xperimeiit  was  made'  whh  tlie  ()l)j(>ct  of 
(letenunm.g  wliethor  a  sudden  lowering  of  temperature  during  fennen- 
tation  had  a  tendency  to  increase  acidity.  Tl.e  results  show  that  no 
sucli  increase  was  caused  in  this  instanei*. 

Slackne.ss  of  dough  is  only  a  cause  of  acidity  in  the  same  sense  as 
high  temperature,  in  that  it  accelerates  the  whole  course  of  fermenta¬ 
tion.  Aiiiung  breads  made  from  doughs  are  ^lancliester  tin 

tiiead  and  \  leiina  bread,  hut  neither  of  the.se  are  siiecially  liable  to 
.sourness.  •' 

Holding  the  view  that  much  of  the  acidity  of  bread  is  due  to  acetic 
acid,  and  that  the  production  of  this  acid  is  stimulated  by  the  pre.sence 
of  oxygen,  llriant  advises  that  “  therefore  fermenting  dough  should  be 
kept  as  much  out  of  contact  with  air  as  is  po.ssible.”  '  If  tlie  (niantitv  of 
acetic  acid  present  in  doughs  which  are  most  intensely  sour  in  character 
IS  but  trifling,  then  this  reason  for  exclusion  of  air  no  longer  exists 
lo  rer(*r  again  to  Vienna  liread,  the  ferments  and  dough  for  this  are 
beaten  and  exposed  to  air  ahno.st  as  much  as  an  egg  in  the  act  of 
M  hisking  and  these  are  rarely,  if  ever,  sour.  If  a  liaker  finds  a  spoime 
x\oi  -ing  too  rapidly,  and  in  such  a  condition  as  his  experience  tefls 
him  means  that  fermentation  is  likely  to  have  over.shot  the  mark  by 

le  time  he  wishes  to  take  it,  then,  in  order  to  lessen  risk  of  sourness  he 
%mry  commonly  throws  off  the  trough  lid  and  freely  exposes  it  to  air 
He  finds  practica  ly  that  this  treatment,  instead  of  causing  sourness  by 
oxidation  ot  alcohol,  obviates  it  by  lowering  the  temperature,  and  so 
let.iiflin^  the  whole  course  of  fermentation. 

The  following  may  be  taken  as  a  summary  of  the  author’s  views  on 
sour  bread  (It  will  be  noticed  that  it  endorses  several  of  Jhlant’s 
conclusions): — 

1.  “  Sour  bread,’’  as  understood  by  the  baker,  is  the  result 

tbp«  of  bacterial  fermentations.  Principal  among 

S  ner'cpnf  lactic  acid,  which  constitutes  about 

95  per  cent,  of  the  total  acidity.  The  remainder  is  due  to 
acetic  acid,  with,  m  very  bad  cases,  traces  of  butyric  acid 

from‘^feid°h  development  of  acidity,  sour,  as  distinct 

trom  acid  bread,  shows  signs  of  putrefactive  decomposition. 

2.  The  acid  and  putrefactive  fermentations  are  produced 

by  bacteria  to  be  found  in  the  dough.  proaucea 

bacteria  may  be  introduced  by  the  yeast,  by  the 
use  of  dirty  vessels,  and  by  the  flour  ;  but  their  presence  in 
tne  flour  IS  the  most  general  cause  of  “sourness.” 

thp  bacteria  is  dependent  on  that  of 

the  yeast :  while  the  latter  is  active,  the  bacteria  are  com¬ 
paratively  quiescent.  With  the  exhaustion  of  the  yeast  or 
cessation  of  active  fermentation  through  the  assimilation  of 
all  fermentable  material,  a  stage  is  attained  in  bread  fermenta- 
d^vel^ps^  bacteria  are  excessively  active,  and  sourness  rapidly 
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5.  Temperature  and  slackness  of  dough  have  but  httle 
effect  on  sourness,  except  in  that  indirectly  they  affect  the 
speed  of  the  whole  course  of  fermentation,  and  so  hasten  or 
retard  the  arrival  of  the  bacterial  fermentation  stage.  This 
stage  being  reached,  the  production  of  sourness  is  accelerated 
both  by  high  temperature  and  slackness  of  dough. 

6.  Exposure  to  air  has  no  appreciable  effect  on  sourness, 
and  may  even  through  its  cooling  action  be  beneficial. 

7.  The  two  principal  causes  of  sourness  are — Allowing  the 
fermentation  to  proceed  beyond  the  normal  into  the  souring 
stage  ;  and  the  use  of  materials  or  vessels  containing  ab¬ 
normally  high  proportions  of  bacteria,  especially  when  em¬ 
ployed  with  weak  and  inactive  yeasts. 

473.  Effect  of  Baking  on  Bacterial  Life. — Differences  of 

ojiinion  exist  as  to  whether  the  act  of  baking  destroys  the  life  of  all 
organisms  that  may  be  present  in  the  dough.  Unless  the  baking  is 
most  inethciently  conducted,  the  temperature  within  the  loaf  should  be 
sulliciently  high  to  kill  the  yeast.  The  doubt  is  whether  or  not  the 
germs  (.)r  sjtores  of  other  orgtinisms  tire  tilso  destroyed  thus,  the  spores 
of  some  of  the  bacilli  can  withstand  ti  (ptarter  of  an  hour’s  boiling, 
while  a  sensible  proportion  (nitlive  an  hour’s  subjection  to  a  boiling 
heat.  These  experiments  tiffttrd  grounds  for  supposing  tluit  such  germs 
might  continue  to  exist  even  during  an  hour's  baking.  The  observed 
facts  of  the  souring  of  bread  also  point  in  the  same  direction.  Two 
loaves  mav  be  taken,  each  of  which  is  sweet  when  removed  fix)m  the 
oven,  and  kept  under  precisely  the  same  conditions  ;  the  one  after  a 
few  hours  Ijecomes  sour,  the  other  retains  its  sweetness.  Here  thei'e  is 
a  diil'erence  in  behavioui'  which  is  not  due  to  external  conditir)ns,  but 
to  some  inherent  (piality  of  the  two  loaves.  The  undestroyed  g(‘rms  of 
acid  fermentation  have,  in  the  bread  in  which  they  are  present,  induced 
sourness.  The  only  other  (‘xjilanation  of  souring  is  that  the  germs  of 
the  sjjecitie  bacilli  hava;  found  their  way  from  the  atmosjihere  into  the 
baked  loaf. 

Walsh  and  Waldo  have  n'cently  subjected  this  matter  to  exhaustive 
inv(istigation.  Using  the  accustomed  precautions  in  bacteriological 
work,  they  procured  a  number  of  loaves  of  bread,  and  .sowed  portions 
of  the  interior  crumb  in  stc'rilised  gelatin  and  glucose  mixture,  and 
madc^  ])late  cultivation.  As  few  of  the  loaves  wcu'c  found  to  be  jirac- 
tically  stei’ile,  while  others  contained  a  large  number  of  organism.s,  in¬ 
cluding  bacillus  sublitis  and  other  bacilli,  also  sarci/ia  and  uiicracoccus. 
.Many  of  these  oigaidsms  were  unidentilied  by  Walsh  and  Wakh),  but 
it  may  fairly  be  a.ssumed  that,  with  lactic  and  butyric  ferments  piH'sent 
in  the  dough,  they  may  b(i  among  those  organisms  which  ha\e  lived 
through  the  baking.  Hence  thej',  may  set  up  their  chai'acteristie  fer¬ 
mentations  in  till!  baki'd  brisul. 

It  should  be  mcntionial  in  jiassing  that  Walsh  and  AValdo  base  a 
very  powm’ful  argument  for  sanitation  in  bakehouses  on  this  fact,  that 
baking  does  not  necessarily  sterili.se  bivad.  Their  view  is  that  if  non- 
pathogenic  oiganisms  may  thus  survive,  .so  may  also  the  iiathogimic 
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forms  ;  iuid  so  l)ri'iul,  if  (.•oiitamiuiited  diirinif  manufiictuio,  may  after¬ 
wards  beeoiiK^  a-  source  of  inf(>ction.' 

The  conditions  of  keepiii';'  make  a  consideral/le  ditU'rence  in  the 
jifter-sweetness  of  baked  bread.  lieiu'  bread  is  ke})t  in  a  close,  wai’in, 
moist  atmosphere,  from  the  time  of  baking  or  wlien  new,  it  is  far  more 
likely  to  develop  sourne.ss  and  mould  than  if  stoi'OMl  where  it  may 
rapidly  cool  and  hjse  any  excess  of  moisture. 

474.  Remedies  for  Sour  Bread. — These  are  to  a  large  extent 

indicated  in  tin*  pr(*ceding  paragi'aphs,  but  as  one  possible  cause  of  sour 
bread  is  a  want  of  absolute*  cleaidiness,  it  should  be  seen  that  all  the 
prc'cautions  to  insure  the  same  ai'e  rigidl}'  adopted.  Supposing,  as  is 
sometimes  the  case,  that  batch  after  batch  of  bread  is  .sour,  or  rapidly 
becomes  so;  then  see  that  the  Hour  is  souml  ;  next  e.xamine  the  yeast; 
see  more  especially  whether  disease  fermeids  are  plentifid,  and  whether 
the  yeast-cells  themselves  look  healthy  and  vigorous.  The  baker  who 
is  not  able  to  do  this  for  himself  should  place  himself  in  the  hands  of 
an  analyst  to  do  it  for  him.  If  any  suspicion  whatever  attaches  to  the 
veast  oi  the  Hour,  change  to  some  other  variety  which  is  kjujwn  to  be 
<loing  good  work.  In  the  next  place,  thoroughly  clean  the  bakehouse 
from  Hoor  to  ceiling.  Piocure  some  solution  of  bisulphite  of  lime,  and 
with  a  brush  wash  Hoor,  walls,  and  ceiling  with  it.  Cleaji  out  all 
troughs  and  boards,  and  also  wash  them  with  the  bisulphite,  letting  it 
remain  in  the  troughs  for  some  time.  Then  (*ither  scald  or  steam  them 
out,  and  dry  as  rapidly  as  ])0.ssible.  The.se  steps  should  succeed  in 
freeing  the  bakehouse  from  any  disease  feianents  which  may  be  present. 

In  conducting  fermentation,  use  a  suHicient  ([uantity  of  goofl  yeast, 
and  work  at  such  a  tenifiei’ature  as  to  get  s])onging  and  doughing  over 
<iuickly. 

As  souring  is  largely  produced  b}*  some  cause  unduly  accelerating 
fermentation,  iiivestigate  the  whole  of  tlu'se,  and  modify  one  or  more, 
accordijig  to  which  seems  faulty,  so  as  to  retard  to  the  normal  rate. 
Or,  if  deemed  pr(*ferable,  set  later  or  take  .sooner  so  as  to  use  sponges 
or  doughs  at  the  right  stage  of  feriiK'ntation.  Use  ix'gular  brands  of 
yeast  and  Hour,  watching  and  adjusting  th(*se  as  may  b(^  necessary. 
•Souring,  if  due  to  sudden  atmospheric  changes,  is  to  a  certain  extent 
beyond  control  ;  but  it  may  be  checked  somewhat  by  cooling,  if  the  too 
quickly  working  material  can  be  caught  in  time.  The  addition  of  salt 
lo  a  too  rapidly  working  S})onge  retai'ds  the  whole  rate  of  h'rmentation, 
and  jKirticulaily  that  of  bacteria.  In  exceptional  ca.s('.s,  through  the 
laesence  in  undue  ipiantities  of  bacteria^  and  the  use  of  weak  veasts, 
the  fermentati(jn  may  b(*come  abnormal,  and  “sour”  fei'inentation 
accompany,  or  even  precede,  tins  full  develoi>ment  of  normal  alcoholic 

‘  Wliilc  tlicsc  juge-s  are  jia.ssiiig  tliroiigli  the  jae.ss,  ( ioedfellow  informs  tlie  autlior 
that  he  ha.s  been  eiii;age(l  for  some  montlis  in  tlie  investigation  of  this  subject  of  the 
-sterilisation  of  bread,  lie  finds  that,  provided  the  liread  be  allowed  to  stand  for 
three  hours  in  a  germ-free  atmosphere  after  being  baked,  the  loaf  is  absolutely  sterile. 
1  hat  is,  the  aet  of  baking,  co\ipled  with  the  continnance  of  the  baking  heat  on  the 
loaf,  for  the  period  of  time  mentioned,  is  sulficient  to  destroy  the  life  of  all  micro¬ 
organisms.  'I'he  publication  <jf  ( ioodfellow's  proof  of  this  assertion  will  practically 
rinder  the  position  assumed  by  W'alsh  and  Waldo  untenable. 
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(Jive  tli('  hi’ciul  ii  good  us  l)r(‘;i(l  wliicli  leaves 

tli()  oven  ill  a  damp  sodden  condition  is  specially  lialile  to  Iiecoine  sour. 
W  hen  baked,  cool  rajiidly  in  a  pure,  atinosplun'i'.  A\*eak,  unstable  tlouis 
used  with  excess  nf  water  very  frecpiently  turn  sour;  tlu*  reason  is  that 
the  R-luten  breaks  down,  and  much  of  the  starchy  interior  of  the  loaf  is 
dextrini.sed  :  the  damp,  clammy  mass  resulting  constitutes  a  favourable 
//ij/is,  or  home,  for  aftm-fermentation. 

P" AULTS  IX  HREAI). 

475.  Holes  in  Bread.  Instead  of  the  ('ven  sponginess  which 
should  characterise  the  crumb  of  good  bread,  one  is  occasionally  com 
fronted  with  loaves  in  which  large  holes  occupj'  considerable  spaces  in 
the  interior  of  the  loaf.  For  their  occurrence  various  explanations  liave 
been  ollered,  many  of  which  are  ingenious,  wdiile  others  are  imjiossible. 
An  interesting  object  les.son  in  their  production  may  be  gained  by  taking 
a  basin  of  strong  .solution  of  soap  in  water,  and  blowing  into  it  through 
a  glass  tube.  A  mass  of  bubbles  is  foiined  on  the  surface  of  the  solu¬ 
tion,  w  Inch  tills  the  whole  ves.sel.  Let  it  rest,  and  watch  the  gradual 
di,saj)pearance  of  the  bubbles — careful  inspection  will  show'  in  the 
interior  of  the  mass  some  of  the  bubljle  walls  getting  thinnei’  and 
thinner,  until  at  last  they  collapse,  and  several  small  bubbles  coalesce  to 
foi'in  one  of  large  size.  Practically  the  same  thing  occurs  in  dough  ; 
if  allowed  to  get  over-proved,  it  will  be  seen,  on  being  cut,  to  contain  a 
number  of  large  holes.  Good  firm  moulding  will  remove  the  gas  fi'om 
these,  and  make  a  piece  of  homogeneous  rlough  for  the  loaf,  thus 
remedying  one  cause  of  holeyness;  for  if  a  loaf  containing  these  large 
holes  be  placed  in  the  oven,  they  will  exjiand  then',  and  thus  give  still 
more  irregular  icration.  The  same  j)rucess  of  a  number  of  small  holes 
breaking  down  into  one  big  one  may  occui-  during  baking  in  a  piece  of 
dough,  wdiich,  if  cut  prior  to  its  .going  into  the  o^•en,  would  show  no  signs 
of  large  holes.  Here  the  cause  must  be  lack  of  tenacity  in  the  dough 
which  forms  the  hole-walls,  and  the  cause  of  such  holes  must  be  found 
in  the  constituents  of  the  dough.  The  (‘lasticity  of  dough  at  tins  stage 
is  principally  due  to  the  gluten  iii'esent,  and  wdien  fermentation  has  been 
carried  sutliciently  far  to  di'stroy  the  tenacity  of  the  gluten,  breaking 
down  into  hoh's  is  a  normal  result :  holeyness,  therefore,  for  this  I'eason 
may  l)e  an  accompaniment  of  over-worked  dough.  If  a  series  of  loaves 
be  made  as  suggested  in  pai'agraph  t()9,  it  is  veiy  rarely  that  holes  are 
found  in  the  earlier  and  under-fermented  loaves.  Anotlu'r  cause  of  this 
irregularitv'  is  the  insuilicient  br(‘aking  down  and  mixing  of  the  sponge 
wdth  the  water  and  flour  of  the  dough.  The  latter  is  frecjuently  made^ 
from  a  comparative!}'  soft,  w'eak  Hour,  and  if  not  thoroughly  incor¬ 
porated  with  the  .sponge,  leaves  portions  of  inferior  tenacity  which  may 
readily  break  into  holes.  The  production  of  holes  by  dusting  Hour  being 
folded  up  in  the  interior  of  the  loaf  during  moulding,  and  then  not 
thoroughly  w'orked  in,  thus  leaving  blebs,  which  expand  into  holes  on 
baking,  is  so  absolutely  a  result  of  carelessness  as  to  need  no  furtlu'r 
refercmce. 

A  curious  problem  about  holes  is  the  liability  of  cottage  loaves  to  this 
fault.  If  some  of  the  same  dough  be  made  into  “  cakes  ”  or  “  Coburg  ” 
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lojivt's,  while  the  remainder  is  made  into  cottages,  tlic  latter  are  far 
more  Idmly  to  contain  holes  than  the  former.  One  cause  of  this  is 
j.ossihly  the  inefhcient  “hashing”  down  of  the  tops  of  tin'  cottages. 
A  more  hkmly  reason  is,  however,  the  actual  shape  of  the  loaf  itsmif. 
I  h('  top,  being  smalh'r,  ac(iuii-('s  a  rigid  crust  hefon*  tlie  lowiu’  ])ai't  of 
the  loaf,  and  theivfore  forms  a  sort  of  protecting  cap  over  the  centre 
As  e.xpansion  goes  on  in  the  interior  during  baking,  tliere  is  a  liiu'  of 
comparatively  little  resistance  immediately  underneath  the  top,  ami 
greatm-  expansion  takes  jilace  in  this  direction.  Evidence  of  this  is 
jdlorded  by  the  species  of  risen  waist  one  .sometimes  sees  in  a  cotta'm 
loaf,  consisting  of  what  looks  like  a  third  or  middle  piece  in  the  lo.af 
tins  development  occurs  after  the  rest  of  the  loaf  has  set ;  and,  as 
lu'obahly  the  interior  dough  has  also  lost  much  of  its  elasticitv,  there  is 
th(‘  tormation  of  a  large  hole  rathm-  than  even  expansion.  Of  course 
the  occurrence  of  sudi  holes  means  a  predisposition  of  the  dou-di  to 
lireaking  down  into  iiTegular  au’ation. 

The  causes  of  holes  in  bread  ma}’  be  summed  up  as  beiii" — carele.ss 
moulding,  e.specially  of  over-proved  dough;  lack  of  tenacity  and  elas- 
tunty  of  the  dough  itself,  due  to  soft  and  irregular  flours;  ‘insufficient 
im.xing  of  sponge  and  dough.  Cottage  loaves  are  prone  to  holes  because 
ot  the  physical  effect  of  their  shape  on  expansion  during  baking. 

476.  Protruding  Crusts.  -On  crusty  luead  being  packed  a  littl(‘ 
oo  c  ose  111  the  oven,  the  loaves,  on  expamiing,  touch  their  neighbours, 

and  a  .soft  crust  is  formed  when  they  are  in  contact.  Occa.sionally 
when  the  doiigdi  is  weak  and  inclined  to  “run,”  it  may  be  ob.served  that 
he  loaves  definitely  grow  toward  one  another,  forming  a  distinct  nro- 
tiiberance  on  the  .side  of  each,  as  though  an  endeavour  was  being  made 
on  the  part  of  the  loaves  to  effect  actual  contact.  This  apparent  attrac- 
loii  IS  due  to  the  mutual  cooling  eflect  of  the  loaves  retarding  the 
ormation  of  a  rigid  crust  on  the  contiguous  parts  :  expansion  continues 
there  after  the  other  j.arts  of  the  loaves  are  .set,  and  hence  the 

ki.ssing  growth  toward  each  other. 

477.  Crumbliness. -The  crumbling  away,  instead  of  ciittiim- 

I  mud),  exhibited  by  some  la-ead,  may  be  due  to  the  use  of  harsh,  dry 
limns,  not  sufficiently  fermented  ;  or  may  also  he  caused  by  over-working^ 
and  proof  making  Uie  loaf  bigger  than  the  gluten  of  the  dough,  .at  the 
1  wlimi  baked,  is  able  to  .stand  and  still  hold  the 

ne.id  well  togetlier.  A  deficiency  of  dextrin  and  .solid.le  starch  in  the 
mead  also  contrilmtes  to  crumbliness. 

478  Dark  Line  in  Cottages.— At  times,  on  cutting  a  cottag.> 
IrnttmV  Tu  V  contact  surface  hetween  the  fop  and 

sot/  "''C"  m  the  ca.se,  if  the  loaf  has  any 

•  /tt  crust,  that  too  is  .seen  to  lie  di.sooloiired.  The  brea.l  is  under  the.se 
nM,iiently  either  .sour,  or  approaching  it.  The  primarv 

(•imstiti,  /j'c  <larkening  by  oxidation  of  some  of  th‘e 

Aituents  of  the  I hnir;  this  darkening  goes  on  more  rajii-llv  in  doughs 

tl  s  darkening  of  dough  is  adbrded  by  pressing  a  piece  of  dough  down 
cjiit.Kt  With  colourless  gla.s.s,  and  letting  it  sfand  a  time.  The  .air 
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exposed  sui’faoe  rapidly  Iiecoines  tlie  darker  of  tlie  two.  In  iiiakinj,f 
sample  loaves,  esjiecially  from  dark  Hours,  a  .streakiiiess  is  often  oliserved. 
d’he  ])roportioiiately  larye  external  surface  darkens,  and  each  time  the 
dough  is  moulded,  the  dark  portion  is  worked  into  tlie  interior,  and 
hence  the  streaky-haked  bread.  In  any  loaf  which  has  been  allowed  to 
stand  th(‘re  is  mori'  or  less  darkening  of  the  exterior  hy  oxidation — on 
baking,  this  colouration  is  altogether  masked  by  the  caramelisation  of 
the  crust.  Hut  where  the  two  exteriors  have  been  placed  together,  as 
in  the  surface  of  contact  of  the  two  parts  of  a  cottage,  the  darkening 
ellect  of  o.xidation  is  preserved,  and  may  be  noticed  in  the  baked  loaf. 

479.  Working:  with  Unsound  or  very  Low  Grade 
Flours. — In  the  older  literature  of  bread-making  it  is  interesting  to 
read  the  directions  given  under  this  head  ;  when,  through  a  bad 
harvest,  wheat  luas  either  not  ripened  properly,  or  has  after  the  reaping 
been  badly  wetted,  great  care  is  necessary  in  order  to  make  a  passable 
loaf  of  bread  from  the  flour  produced.  Thanks  to  the  abolition  of  the 
Corn  Laws,  tlu'  United  Kingdom  can  now  command  the  markets  of  tin* 
world,  and  without  any  dilhculty  secure  sound  wholesome  wheats  at  a 
fair  price.  In  the  firesent  day  there  is  practically  no  excuse  for  a 
bak(‘r  having  a  sack  of  unsound  flour  in  his  flour  room. 

in  composition  the  unsound  flours  have  a  low  percentage  of  gluten, 
and  that  badly  matured  ;  while  the  .soluble  ])rnt(‘ids  are  high,  and  in  .a 
comj)arati vely  active  diastasic  condition.  Tin*  starch  granules  have 
their  walls  softened  down  and  often  fissured.  The  moisture  is  high,  so 
also,  owing  to  the  d(*gradation  of  starch  and  ])roteids,  is  the  soluble 
extract.  Tln'se  flours  are  found  on  testing  to  be  weak  and  unstable. 
8o  far  as  their  treatmeiit  is  concerned,  that  commences  with  the  wheats 
rather  than  with  the  flours.  A  wheat  harvested  damp  is  not  necessarily 
unsound  ;  thes(>  chemical  changes  ai'c  to  a  great  extent  an  after  con- 
setjuence  of  the  dampness.  Such  wh(>ats  should  immediately  on  being 
harvested  be  kiln  dri(>d  at  a  gentle  heat  of  about  .'IS  C.  (100“  F.),  until 
the  moistur(“  jiresent  is  reduced  to  10  per  cent,  of  the  whole  grain. 
While  the  flour  produced  fi'om  the  wheat  thus  ti'eated  may  be  wi'ak, 
it  will  be  fairly  stable  and  not  unsound.  The  gluten  will  be  higher, 
and  the  solubh*  extract  and  jiroteids  comj)aratively  low.  The  experi¬ 
ments  described  in  i)aragi-aph  .'UiS  of  the  iireceding  cha])ter  show  that 
ev(‘n  weak,  damp  iloui's  may  be  considerably  impi'oved  by  gentle  kiln 
drying  of  the  flour  it.scdf.  Such  ti'catnumt  is  also  by  far  the  best  that 
can  be  adoptcsl  with  unsound  flours;  those*  flours  which  are*  not 
amenable  to  it  should  be  entirely  rej(*cted  for  bread making  purpose's. 

Ila\  ing  by  pi-eliminary  t re'at iiu'nt  made  the*  best  of  an  unsound  flour, 
it.  should  1)0  used  in  the  c4wg//,  which  should  be  got  into  the  oven  as 
spe'cdilv  as  jeossibh*.  A  little  comprc'ssed  yeast  added  at  tlu*  dough 
stagte  will  often  be  found  of  service  by  hastening  the  fermentation.  .\s 
unsound  flours  are  learticularly  liable  to  produce*  sour  bre*ael,  spe'cial 
atte*ntie)n  sheeeilel  be*  paiel  to  the  suggt'stions  maele*  in  the*  pre*e-e*tliug 
paragreiiili.  k''ui'lhe'r  re*fere*ncee  te)  unseuniel  flours  will  be*  feeiiiul  in  the* 
pii,ragr.i|)hs  de'se'ribing  eetlmr  me*the)els  e)f  a'ratiiig  bre*ad. 

The*  h)w  guiele*  lleeiirs  e)f  griielual  re'eluctieui  pieee'csse's  are*,  if  freem  ;i 
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sound  wheat,  perfectly  sound  in  themselves;  yet  tlu'y  i’('(juii’e  some  care 
in  manipulation,  because  they  contain  the  active'  diastasic  constituent 
of  the  bran,  cerealin,  in  considerable  (juantity.  Where  thesee  flours  are 
employed,  a  sponge  should  be  prepared  fi'om  a  strong  flour  and  the  low 
grade  used  in  the  dough. 

480.  Use  of  Alum,  Copper  Sulphate,  aud  Lime.  -Alum, 

the  double  sulphate  of  aluminium  and  potassium,  ’24 1 1.,(), 

was  formerly  largely  used  as  an  adulterant  of  biead.  This,  and  the 
other  substances  mentiom'd,  behave  as  retarding  agents  to  diastasis  ; 
with  unsound  Hours  they  prevent  or  les.sen  the  degradation  of  the 
gluten  and  starch  during  feiinentation,  and  so  cause  a  loaf  made  from 
a  bad  Hour  to  be  larger,  less  sodden,  and  whiter,  giving  it  the  appear¬ 
ance  of  bre-id  made  from  far  bf'tter  Hour.  So  far,  and  considered  from 
this  aspect  alone,  the  uction  of  alum  is  remedial ;  it  ])revents  undesir¬ 
able  changes  occurring  in  the  Hour  during  fermentatio?i.  Tliere  is  no 
doubt  that  by  the  u.se  of  alum.  Hour,  so  bad  as  to  I'ender  bread-making 
in  the  ordinary  manner  impo.ssible  with  it,  can  be  converted  into  eatable 
loaves;  but  if  necessity  arises  for  recourse  to  such  Hour's  for  br'ead- 
rrtaking,  other'  pr'ocesses  ar'e  rrow  krrown  which  achieve  the  sairre  object 
Iry  methods  that  are  alrsolutely  irrrrjbjectiorrable.  The  corrtinued  use  of 
alurrr,  everr  in  small  quantity,  is,  accordirrg  to  rnerlical  eviderree,  irrjurious 
t(r  health  ;  in  par-ticular',  the  alum  rernainirtg,  as  it  does,  unchanged  irt 
the  bread,  r-etards  the  digestive  action  of  the  secretions  of  the  mouth 
and  stomach.  As  alum  is  injurious,  and  as  it  is  used  with  the 
object  of  enabling  inferior  flour  to  be  substituted  for  that  of 
good  quality,  to  the  predjudice  of  the  consumer,  it  is  rightly 
considered  as  an  adulterant,  and  its  use  made  penal. 

INlinute  (prantities  of  copper  sulphate,  CuSO^,  have  also  been  em¬ 
ployed  :  its  actiorr  is  ver'y  similar  to  that  of  alurrr ;  but  as  all  copper 
salts  are  very  poisonous,  its  use  is  even  more  reprehensible 
than  that  of  the  former  adulterant. 

Liebig  suggested  the  employrnerrt  of  lime  in  solution,  lime-water', 
CalljOj,  as  a  tnearrs  of  pr'cventirtg  excessive  diastasis  durirtg  jianary 
fermentation.  This  substarree  is  (prite  as  (dl'ectivi'  as  alum  so  far'  as  the 
efiect  orr  diastasis  is  concer'tred,  but  unlike  alum  it  exr'rts  very  little 
retardatirrn  on  tier  alcoliolic  fermentation  caused  by  tlu'  yeast.  Linu'  is 
soluble  irr  about  780  parts  of  cold  water':  its  solution,  or  what  is  com- 
ruonly  called  liirre-water',  may  be  prepared  by  adding  about  twf)  ounces 
of  r'ccentlv  biti-ned  (prickliim^  to  terr  <:allons  of  water',  and  stir'i  ing  up. 
.•V  better-  plart  is  to  add  the  lime  irr  cortsiderable  (excess,  stir'  thoroughly, 
and  therr  allow  the  supm'Hirous  litmr  to  sr'ttle.  Irr  a,  few  hoirr's  the  upper' 
li(juifl  becomes  clear,  and  may  be  dipjied  oH'  without  distur-bing  the 
sediment.  Some  tnor'c  water  may  tlu'n  be  added  and  the  mixture  again 
stirr'ed  ;  another'  iprantity  of  linu'-water'  is  thus  made.  'I'his  ojreratinn 
may  be  repeated  sevei'al  times  if  suHlcient  lime  has  been  lakc'n  in  the 
Hrst  place.  Any  vessels  containing  liim'-watei'  have  to  be  kept  covei'cd, 
as  car'bori  dioxide  is  r'apidly  absorbed  from  the  air',  with  the  formation 
of  calcium  (arbonati'.  Kicliardson  states  that  l.iebig’s  directions  w('i'e 
that  the  Hour'  artd  lime-water  should  be  used  in  llu'  ratio  of  19  of  lloiii' 
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to  f)  of  liiiie-wator,  and  tlicn  goes  on  to  say  tliat  that  (|uaiitity  of  li(]uid 
not  heing  suthcient  to  convert  the  tlour  into  dougli,  tlu;  i'e(juisite  (juantit\' 
of  ordinai'y  water  was  added,  lie  tlien  jiioceeds  to  (jiiote  an  experiment 
in  which  liJ  Ihs.  of  Hour  were  made  into  bread  witli  ordinary  water,  and 
yielded  2-1  His.  8  oz.  of  bread.  A  lik(^  (juantity  of  the  saim*  tlour, 
kneailed  witli  o  quarts  of  limoAvater,  produceil  2(1  His  G  oz.  of  bread. 
There  is  evidently  a  mistake  heri'  somewhere:  b  (|uarts  of  water  to  19  lbs. 
of  tlour  means  73  (juarts  of  water  to  the  sack  ;  this  ([uantit}',  so  far  from 
not  lieing  sutlicient  to  convert  the  tlour  into  dough,  is  something  like 
10  quarts  more  water  than  is  ordinarily  us(*d  by  the  London  baker. 
^\s  on  the  continent  the  meti'ic  .system  of  weights  and  measures  is  that 
commonly  used,  Liebig's  ratio  was  in  all  probability  19  kilograms  of 
Hour  to  b  litres  of  watm’.  the  exact  English  equivalent  of  which  would 
be  19  lbs.  of  Hour  to  b  lbs.  or  two  ijuarts  of  water  :  this  equals  29 
(|uarts  of  lime-water  to  the  sack.  The  didiciency  is  then  made  up  by 
the  addition  of  ordinary  water.  The  baker  desiring  to  use  lime-water 
may  make  it  and  employ  it  in  the  jirojiortion  just  stated,  or  he  may  add 
not  more  than  11,  ounces  of  lime  to  the  water  per  .sack  of  Hour.  In  this 
latter  case  he  must  stir  the  water  thorough!}"  so  as  to  ensure  the  com¬ 
plete  solution  of  the  lime  :  a  milkiness  throughout  the  whole  of  the 
wat(U’  would  not  hurt,  but  any  lumps  must  be  avoitled.  The  safest 
method  is  to  prepare  the  lime-water  as  a  jirevious  O]n‘ration.  Lime- 
water  is  us(‘d  by  some  of  the  (ilasgow  bakers,  who  advertise  brt'ad  con¬ 
taining  it  as  a  si)eciality.  The  bread  made  with  lime-water  is  mort* 
sjwngy  in  texture,  pleasant  to  taste,  and  (piite  fre<‘  from  souiTiess.  In 
the  Hnished  breafl  the  lime  m)  longer  exists  as  free  alkali,  because  tin* 
carlion  dioxide  gas  genei-ated  during  fermentation  will  have  complet(‘ly 
chang('d  it  into  calcium  carbonate — 

Call.,()2  +  CO,,  =  CaCO,,  +  H.,0. 

Lime.  Carlion  Dio.\iile.  Caliiiim  Water. 

<  'arbimate. 

Calcium  carbonate,  which  is  idmitical  in  conqiosition  with  chalk,  has  in 
small  ([uantities  no  deleterious  action  when  t;iken  into  the  system. 

So  far  as  llichardson’s  (piotation  of  experiment  may  be  depended  on, 
it  indicatt's  an  incre.-i.sed  yitdd  of  brt'ad  by  the  use  of  lime  wattu-  :  he 
ascribes  this  increase  to  the  loss  caused  by  huinent.-ition  when  working 
in  th(!  ordinarv  mannei-;  but  his  vimvs  on  this  subji'ct  have  already  been 
shown  to  be  hdlacious.  'riie  true  (‘xplanation  is  it  very  simple  oiu'  :  the 
linu'-water,  by  jireviuiting  tluMli'gradation  of  tlu*  gluten  ;uid  the  diastasis 
of  the  starch,  incrcjises  the  wati'r-rfdaining  jiower  of  the  Hour,  and  so 
enables  the  siime  weight  to  yii*ld  a  greater  (|imntity  of  liread. 

A  recently  advertis(‘d  bread-mid<ing  proct'ss  is  based  on  tri'atnu'iit  of 
the  sponge  with  lime-water. 

481.  Special  Methods  of  Bread -making. -^-Tlu'te  aie  certain 
special  proce.sses  ('iiqiloyed  for  bread-making  which  must  next  bt*  de- 
scribi'd. 

482.  “  Vienna  Bread.”  'rids  is  the  nauu*  ajiplied  to  rolls  and 

other  light  fancv  bn'ad.  Ah'i'iina  br(*ad  is  made  with  patent  Hour  and 
compre.s.sed  veast.  .\o  potatoes  or  ferment  is  used.  Insti'ad  of  water. 
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tlie  l)n'iul  is  sometimes  made  witli  milk  or  a  mixture  of  milk  and  water. 
'Die  following  recipe  is  (juoted  from  “  The  IMiller  ”  : — 

Proportions. — 8  Ihs.  of  Hour,  3  (piarts  of  milk  and  water  in  eipial  pro¬ 
portions,  3^  ounces  of  eomprc'ssed  yeast,  and  1  ounc(' of  salt.  Tlie  warm 
watm-  is  lirst  mixt'd  with  tlie  milk,  so  as  to  i;ive  a  temiieratui'e  of  from 
80  to  8;')°  F.  Sulliciimt  dour  is  then  adiled  to  make  a  weak  sjionge,  not 
much  thicker  than  a  hatter.  The  yi'ast  is  crumbled,  mixed  wadi  in, 
and  the  sponge  allowed  to  stand  for  about  forty-live  minutes.  The  rest 
of  the  tlour  is  ne.xt  addtsl  slowly,  together  with  the  salt  ;  the  dough 
is  then  thoroughly  kneaded  and  set  to  fernumt  for  2^  hours.  All 
Hungarian  Hour  may  be  used  throughout,  or  the.  tinest  idpring  Amm'ican 
Patent  may  be  substituted  in  the  sponge.  The  bread  is  glazed  during 
baking  by  the  introduction  of  a  jet  of  steam  into  the  oven. 

483.  Leavened  Bread. — In  France  and  other  jiarts  of  the 
continent  bread  is  made  from  leaven,  which  consists  of  a  portion  of 
dough  held  over  from  the  jirevious  baking.  The  following  de.scription 
is  given  on  the  authority  of  Watt’s  Dictionaiy  of  Chemi.stiy.  A  lump 
of  dough  from  the  preceding  batch  of  bread  is  preserved  ;  this  weighs 
about  twelve  ])ounds,  made  uji  of  eight  iiounds  of  Hour  to  four  of  water, 
and  is  the  fresh  leaven  (Icvain  d?  chef).  This  fresh  leaven,  after  re¬ 
maining  fur  about  ten  houi'S,  is  kneaded  in  with  an  equal  cpiantity  of 
fresh  Hour  and  water,  and  thus  produces  the  levaiti  de pronih'e  ;  agaiii, 
this  is  allowed  to  stand  foi'  .some  hours  (about  eight),  and  is  kneaded  in 
with  more  Hour  and  watin-.  After  another  interval  of  three  hours, 
100  lbs.  of  Hour,  52  of  water,  and  about  lb.  of  lieer  yeast  are  added  ; 
this  produces  the  Hnished  hwyvn  ( /evai/i  de  tout  point).  The  finished 
leaven  weiyhs  about  200  lbs.,  and  is  mi.xed,  after  standing  two  hours, 
with  132  lbs.  of  llour,  08  lbs.  of  water,  ^  lb.  yeast,  and  2  lbs.  of  salt. 
The  dough  thus  formed  is  divided  into  two  moieties ;  the  one  is  cut  into 
kjaves,  c\'hich  are  kept  for  a  time  at  a  moderate  temj)erature  (77°  F.) 
and  then  baked.  The  bread  thus  produced  is  sour  in  taste  and  dark  in 
colour.  The  i-emaining  half  of  the  dough  is  knead(‘d  with  more  Hour, 
water,  yeast,  and  salt,  and  divided  into  halves  ;  the  one  quantity  is 
made  into  loaves,  which  are  allowed  to  ferment  and  then  baki'd  ;  the 
other  is  subjected  again  to  operation  of  mixing  with  more.  Hour,  itc., 
and  working  as  before*.  This  subdivision  is  repeated  thr(>e  times  ;  the 
bread  improving  at  (;ach  stage,  ami  the  tinest  and  whitest  loaves  being 
jii’oduced  in  tin;  last  batch.  Headers  will  doubtless  havee  already 
noticed  that  as  tlu;  (juantity*  of  leavi'ii  d('creas(.*s,  and  that  of  ycjast  in¬ 
creases,  the  ([uality  of  the  leread  imjeroves.  In  tin*  latte'i*  stages  they 
“  I’eform  tin*  leaven  indifferently  ;  ”  the  English  baker  is  in  this  matt(‘r 
moi-e  logical,  and  “  reforms  it  altogetlu'r.”  As  a  eonseqin'nce,  he  pro- 
<luces  frcnn  Hour  and  yeast  a  bread  better  as  a  whole  than  that  r('- 
sulting  fiom  tin*  conq)lieal(*d  French  syst(*m  of  lea\i*ning.  In  tin* 
more*  inqjortant  towns  this  mock*  of  bread-making  se(*ms  now  to  hava* 
larg(*ly  giv(*n  places  to  nn*tln)ds  more;  n(*arly  rdli(*d  to  \’i(*nn<*s(*  and 
English  p7*ocesses. 

484.  Theory  of  Leaven  Fermentation,  in  May,  188.3, 

Chicandard  communic*at(*<l  to  the  Academy  of  Sci(*nc(*s,  Paris,  a  tln*ory 


.-594 


TIII5  SCIICXCK  AND  AHT  OF  liRKAD-MAKINf!. 


of  panitioation  a<ln]>tprl  l)y  liiin  as  tlio  rosnlt  of  recent  rc'searches.  He 
tirst  expressly  stat(*s  tliat  liis  conclusions  (lo  not  apjily  to  fermentation 
as  conductecl  in  England,  hut  to  bread  made  on  the  leaven  system. 
English  bread  is  excepted  because  of  its  being  customary  to  add  potatoes 
to  the  ferment,  the  gelatiinsed  starch  of  which  h('  admits  may  be  sus¬ 
ceptible  of  alcoholic  fermentation.  But  as  many  P2nglish  bakers  make- 
their  brc'ad  from  Hour,  3’east,  salt,  and  water  only,  arn^  alcoholic  fer¬ 
mentation  which  occurs  cannot  be  explained  b\'  tlu'  general  statement 
tliat  English  bakers  use  fruit,  bh-ietly  summing  up  Cliicandard’s  con¬ 
clusions,  they'^  are  -  “  Tin;  fc'rmentation  of  bread  does  not  consist  in 
tlu*  hydrolysis  of  starch,  followed  l)y  alcoholic  fermentation,  and  is  not 
deb'rmined  b\’  Saci/uironiyces,  but  is  a  result  of  the  solution  and  after 
]iej)toni.sation  of  the  gluten,  this  effect  being  caused  by  a  b-icterium 
which  develo])s  itself  normally  in  the  dough,  yeast  merely  accelerating 
its  development.” 

l7i  proof  that  the  gas  evolved  during  panitication  is  not  the  result  of 
alcoholic  fernumtation,  Chicandai'd  states  that  the  presence  of  alcohol 
has  never  been  pi’oved  :  in  this  he  is  contradicted  by'  Mimssette,  wh<v 
detected  alcohol  in  the  gases  of  an  oven  in  use  in  France  so  eaidy  ns 
1854,  ajid  at  a  time  when  tlie  bread  was  undoubtedly'  being  made  by 
the  leaven  process.  In  a  furthei-  communication  Chicandard  states 
that  he  made  a  dough  with  Hour,  dextrose,  yeast  and  water,  testing  it 
immediately  on  being  made,  and  again  aftei'  stamling  three  and  seven 
days  resjiectively  :  he  found  in  each  case  that  Id  grams  of  the*  flough 
contained  0'55  grams  of  dextrose. 

(iirard  lias  since  pointed  out  in  the  “  Cnm’ptes  Rendus,”  that  he  has 
examined  the  gas  contained  in  dough  at  various  stages  of  preparation, 
and  finds  it  to  consist  mainly  of  carbon  dioxirlo,  mixed  with  the  air 
originally  contained  in  llu'  Hour.  In  some  cases  part  of  the  oxygen 
had  been  absorbisl,  most  jirobably,  (Iirard  thinks,  as  a  consequence  of 
the  secondary  formation  of  act'tic  acid.  [The  author’s  opinion  is  that 
this  absorption  is  due  to  the  direct  action  of  the  yasist  ;  which  organism, 
as  has  been  already  demonstrated,  exhibits  a  remarkable  acidity'  for 
oxy'gen.  ]  On  mixing  the  dough  with  water  and  distilling,  the  distillate 
was  found  to  contain  alcohol  in  quantity  amounting  to  5  c.c.  or  H'-a 
grams  jier  kilogram  of  dough.  The  same  results  were  obtained  whether 
the  dough  was  mixed  with  leayen  oi‘  with  yeast,  thus  aHbi'ding  additional 
e\  id(mce  that  tlu*  lasing  of  dough  is  due  to  alcoholic  fermentation. 

I’.outroux,  also  in  ‘‘('omptes  Bendus”  (113,  '-’OH  200),  states  the 

results  of  iny(‘stigations  on  this  jioint.  lit*  finds,  in  leacens  to  whicii 
no  yeast  had  (‘ver  lieen  addl'd  since  time  immemorial,  that  he  always 
found  yeasts,  and  isolated  five  distinct  species,  two  of  which  are  v(>ry 
active  in  jiroducing  nlcoholic  fermentation.  From  the  tlour  he  isolated 
three  distinct  specie's  of  bacti'iia:  a,  which  secretes  a  diastase  that 
dissolves  cooked  gluten  and  sacchai-ities  starch  paste,  but  does  not  attack 
sugar;  l>,  which  produci's  fermentation  with  evolution  of  gas,  in  .1 
mixture'  of  Hour  and  wate-r  ste-rilise'd  by  lu'at  ;  and  r,  ol'taint'el  from 
the  liran,  which  produe-e's  a  fermentation,  with  evolution  eif  gas  in  a 
mixture'  of  bran  anel  water.  Bacillus  <?,  followed  by  ye'ast,  pro- 
eluce's  alcoholic  ferme'ntat ion.  Hire'ct  expi'riment  showeel  that  the" 
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veasts  active  iti  produoiii,!^  alcoholic  fermentation  can  readily  he  culti¬ 
vated  in  paste,  hut  this  is  not  the  case  with  y('asts  little  active  in 
alcoholic  fermentation,  nor  with  the  hactei  ia,  a,  /',  r.  Tlu>  yeasts  can  lx* 
cultivated  in  paste  containinjj;  0'.‘3  jier  cent,  of  tartaric  acid,  hut  this 
(piantity  of  acid  complet(‘ly  prevents  the  risinyf  of  paste  to  which  no 
leaven  has  been  added,  a  result  which  shows  that  the  yeast  is  the 
essential  agent  in  bread  fermentation,  and  if  the  hactei'ia  j)lay  aiiy 
useful  part,  it  is  only  in  the  jiroduction  of  the  sugar.  Flour  charged 
with  its  natural  microbes,  mi.xed  with  salt  and  water  and  ])ure  yea.st, 
and  allowed  to  rise,  contains  practically  the  same  pi-oportiojis  of  gluten 
as  the  original  Hour,  ;ind  hence  the  fermentation  of  the  gluten  is  not 
es.sential.  hut  is  a  perturbation.  Starch  also  is  not  artectc'd  to  any  great 
extent  during  the  process.  An  aqueous  extract  t)f  bran,  freed  from 
bacteria,  .saccharifies  starch  paste,  but  not  crude  starch,  and  this  is  tru(> 
also  of  the  amylose  secreted  by  the  bacillus  a.  No  other  fermentabh' 
material  remains  but  the  soluble  part  of  the  Hour  containing  tin*  pre¬ 
formed  sugar,  dextrin,  and  salts.  I’outroux  concludes  that  bread 
fermentation  consists  e.ssentially  of  the  alcoholic  fermentation  of  the 
sugar  jire-existing  in  tlu*  flour.  The  yeast  not  only  produces  the  gas 
which  au-ates  the  bread,  but  it  also  ju’events  the  development  of  hacteiia. 
The  difliculty  of  detecting  the  yeast  in  the  paste  arises  from  the  intimate 
manner  in  which  it  is  mixed  up  with  the  dough,  but  the  presence  of 
the  yeast  cells  is  more  readily  recognised  than  the  presence  of  bacteria. 

Laurent  regarded  leaven  fermentation  as  being  due  to  the  so-called 
Bacillus  panificans.  Peters  found  a  number  of  yeasts  in  leaven,  and 
.several  species  of  bacteria,  none  however  of  which  agreed  with  Laurent’s 
Bdccilus  panificans^  but  rather  shared  the  properties  of  this  so-called 
organism  betwi'cn  them.  Laurent  most  probably  was  dealing  with  an 
impure  cultivation.  Peters  found  that  these  baettuda  gave  no  alcoholic 
fermentation,  and  no  appreciable  evolution  of  gas  in  sterilised  dough. 

485.  Methods  of  Crating  Bread  other  than  by  Yeast. — 

Carbon  dioxide  is  not  only  produced  by  alcoholic  fi'rmentation,  1  ut  may 
also  be  generated  within  dough  by  jnirely  chemical  means,  or  may  In' 
mechanically  introduced  by  first  elf'ecting  its  solution  in  water. 

486.  Baking  Powders.  The  carbon  dioxide  gas  within  the 
dough  is  sometimes  generati'd  by  the  action  of  baking  ])owd(*rs  of  various 
kinds  ;  these  an*  mixtures  which,  under  the  influence  of  either  water  or 
heat,  evolve  carbon  dioxide,  usuall}'  from  the  decomposition  of  sodium 
bicarlionate  by  some  acid  jux'sent.  Paking  jiowders  arc*  u.sc'd  more 
(‘.xtc'iisively  in  Ametica  than  this  country  for  bread-making  jmrposes, 
and  their  conqiosition  has  recently  b(*en  made*  the*  subject  of  an  in¬ 
vestigation  by  one  of  the  IStatc*  departments.  Tliey  aix*  cla.ssitic'd 
according  to  the  nature  of  the*  acid  constituc'iit  they  c-ontain  into  three 
groups :  - 

1.  Tartrate  Powders,  in  which  the  acid  constituent  is  either  frc'c*  or 
jiai'tly  combined  tartaric  acid. 

11.  Phosphate  Powders,  in  which  the  acid  constitiu'nt  is  some  form  of 
phosphoric  acid. 
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111.  Ahun  Potvdcrs^  coiitaininif  suljihuiic  acid  in  the  form  of  some  alum 
salt.  (A  suh-divisioii  of  tliis  class  contains  acid  potas.sium 
sulphate  as  its  acid  constitmmt.) 

Pi'actically  all  baking  jiowders  maybe  arranged  »‘ith(n'  in  one  of  the.S(‘ 
classes,  or  consist  of  mixtures  of  two  or  moi'c  classes. 

In  Class  I,  on  the  addition  of  water  a  change  occurs,  which  is  illus¬ 
trated  in  the  following  eijuation  :  - 

ll^C.HM,  +  -dNallCUg  =  Na,CJl,(),;  +  I'll^O  +  l’CO.,. 

■I'iirtai'iu  Acid.  Sodium  Uicarlioiiate.  Soiliuni  Tartrate.  Water.  Carbon  Dio.xide. 

1  instead  of  tartaric  acid,  cream  of  tartar,  ivIlC^lJjOf,  is  sometimes 
<‘mployed  ;  the  reaction  then  becomes 

K1KVI,()„  +  XaHCOg  =  KNaCyips  +  ll.,0  +  CO„. 

Cream  (if  Tartar.  Sodium  Bicarbonate.  I’otassinm  Sodium  Water.  Carbon  Dioxide. 

Tartrate. 

Potiissium  sodium  is  sometimes  termed  “  llocludle  Salts.” 

The  chemiciil  retiction  in  the  case  of  the  jiliosphate  powders  is  repre- 
.sented  by  the  following  eijuation,  in  which  potassium  jihtisjihate  is  the 
acid  salt : — 


ll.,KP(),  +  -dNaHCO,  =  Na.KPO,  +  ’-MPO 

.\eid  i’otassium  Sodium  Biearljoiiate.  Disodium  I’otassium  Water. 
I'luisiiliate.  I'liosidiate. 

With  ilium  jiowders  tlie  following  n*action  occurs  :  — 

Ayx^lSO,),,  -ddll./)  +  ('.NallCO, 

Potash  Alum.  Sodium  Bicarbonate. 

Al.,(ll()),,  +  K.,SO,  +  ;’.Na.,SO,  +  -’IIPO 

•.Muminium  Hydrate.  Potassium  Sulpbate.  Sodium  Suliiiiate.  Water. 


+  200.,. 
Carbon  Dioxide. 


+  GCO.,. 

Carbon  Dioxide. 


'I’he  sodium  bicarbomite  is  also  decomposed  by  tlu‘  action  of  heat  ;  on 
heating  its  solution,  carbon  dioxidt*  gas  is  evolved,  xvith  the  formation 
iit  iirst  of  ii  so  Ciilled  sesiiuiciirbonate,  and  iifterward  of  the  normal 
carbonate.  This  later  body  is  thus  formed  : — 

2NalIC(T,  =  Xa.,C()3  +  Ib.O  +  CO... 

Sodium  Bicarbonate.  Sodium  Carbonate.  Water.  Carbon  Dioxide. 


Pndt'r  the  name  of  “  Volatih*,”  tlu'  commercial  itmnionium  carbonate 
is  also  sometimes  used  as  a  source  of  carbon  dioxith'  gas.  This  body  is 
really  a  mixture  of  ammonium  carlionate  and  carbamate,  and  may  be 
represimted  by  the  formula  2(N  1 1  b.C(b,  and  contains  in  lOU  parts. 
Nil.,,  2S-S1  ;  COj,  b.b'Od  :  and  Jb/),  l')'2().  ( )n  being  di.ssohaul  in 

wat(‘r  and  heatetl,  the  normal  carbonate  is  first  formed  with  the  libera¬ 
tion  of  ca,rbon  dioxide,  aftt'r  which  the  whole  of  the  carbonate  completely 
volatilise.s,  being  converted  into  gaseous  ammonia  and  carbon  dioxide  : — 


2(N1IJ,C0,.C(),, 

=  2(MI,).,C(b 

-f  cd  I... 

Cummerciul  ..Immoiiium 

.Xiirmal  Ammuiiium 

Carbiiii  Dbixide. 

Ciirbomite. 

Carbuuate. 

2(Nll,bC(b  = 

IN  11.,  +  21  bO 

-f  2(.'( 

Amimmiiim  Carbuuate. 

.Vmmiiuia.  Water. 

CarbiiM  Dioxide. 

(In  being  heated,  therefore,  llii'  whole  of  ‘  t  he  carbonatt'  is  convindeil 
into  gaseous  products. 

In  the  manufacture  of  baking  ])0wders,  the  acid  ingn'diimt .  together 
with  the  proportionate  ([uantity  of  bicarbonati'  of  soda,  is  mixed  with 
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air-dried  stareh.  Tliis  latt('r  eianponeiit  increases  tlie  \vei>,dit  of  tli(‘ 
baking  })0\vder  ;  it  also,  owing  to  tlu'  liygroscopic  nature  of  stareli, 
helps  to  keep  the  aetivi*  ingredients  free  from  moisture. 

487.  Tartrate  Powders.-  The  division  of  these  into  two  gi'oups 
is  dependent  on  tlie  comparative  solul)ility  and  insolul)ility  resjiectively 
of  tartaric  acid  and  cream  of  tartar.  The  fornuu’  produces  a  very  ipiiek 
action  powder.  Tlie  latter  dissolves  very  slowly,  and  so  i)rocluc(‘s  a 
veiy  gradual  evolution  of  gas,  until  the  dough  mixture  to  he  rai.sed  is 
jilaced  in  the  ovcm.  With  the  eh'vation  of  temperature,  the  cream  of 
tartar  dissolves  and  causes  an  ahundant  disengagement  of  gas,  just 
when  the  dough,  tlnamgh  the  softening  efl'ect  of  heat,  is  most  readily 
distended.  Unfortunately,  commercial  tartaric  acid  and  cream  of  tartar 
freciuently  contain  lead,  and  this  metal  is  a  very  dangerous  poison,  as, 
even  when  taken  in  small  (juantities,  its  etlects  accun.ulate  in  the  sy.stem. 
The  resultant  tartrates  all  possess  an  ai)erient  action;  hence  their 
continued  use  is  to  he  deprecated. 

488.  Phosphate  Powders.  -  As  substitutes  for  tartaric  acid  or 
cream  of  tartar  in  baking  powders,  pho.sj>horic  acid,  and  the  acid-  or  bi- 
phosphates  of  lime,  potash  and  ammonia  are  nf)w  employed :  these 
substances  are  in  many  ways  pi’eferable  to  tartaric  compounds,  and  can 
readily  be  obtained  free  fix)ni  lead  and  other  metallic  impurities.  They 
readily  evolve  carljon  dioxide  when  their  mixture  with  the  sodium 
bicarbonate  is  dissolved  in  water.  The  nxsultant  phosphates  have  but 
a  verj’  slight  and  harmless  aperient  action. 

Among  the  most  interesting  of  those  substitutes  for  cream  of  tartar 
which  have  as  yet  been  examimal  by  the  author,  are  two  i>reparations 
introduced  by  the  ^Manchester  (Jhemical  Com  pan}' ;  under  the  names 
respectively  of  “Cream  Powder”  and  “  Citrolene.” 

Cream  Powder  is  essentially  a  mixture  of  acid  ammonium  and 
calcium  jdiosphates,  together  with  from  .5  to  10  per  cent,  of  corn  Hour, 
for  the  purpo.se  of  preventing  dampnes.s.  Citrolene  is  composed  of 
practically  the  same  constituents  arranged  in  somewhat  dillerent  pro¬ 
portions  :  the  result  is  that  citrolene,  being  somewhat  more  solubh*,  is 
the  (juicker  of  the  two,  aj)proaching  more  t(j  the  charactc'r  of  a  mixture 
of  tartaric  acid  and  cnxim  of  tartar.  l!oth  are  so  arranged  in  composi¬ 
tion  as  to  have  ap})roximately  the  .same  acid  strength  as  cnam  of 
tartar,  s(j  that  two  parts  of  either  are  neutralised  by  one  paid  of  sodium 
bicarbonate.  On  testing  a  sam[)le  of  each  against  good  ordinaiy  cream 
(jf  tartar,  the  following  volumes  of  gas  were  obtained  from  equal 
weights  of  each  (4  grams)  against  half  the  weight  {'2  grams)  of  the 
bicarbonate  : — 

Cream  P(jwder  evolved  100  volumes  of  gas. 

Citrolene  ,,  ,,  1.47  „ 

Cream  of  Tartar  ,,  lOH  ,, 

On  using  the  powders  for  bread-making,  both  ci'eam  powder  and 
citrolerui  yielded  loaves  distinctly  lighten-  in  colour  than  did  cream  of 
tartar.  Physiologically,  both  these  pcjwchu’s  have  a  distinct  advantage 
over  cream  of  tartar,  inasmuch  as  the  latter  leaves  as  a  residuum. 
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Rochelle  salt,  which,  as  already  stated,  is  a  distinctly  laxativi^  and 
weakenin^f  body  when  taken  regularly  with  food.  On  the  other  hand, 
the  potassium  and  calcium  phos})hates  have  a  direct  and  most  important 
rlietetic  value.  For  several  reasons,  j)Owders  t)f  this  type  are  a  great 
advance  over  those  composed  of  cream  of  tartar  (jr  tartaric  acid. 

489.  Alum  Powdsrs.  -Among  other  proposed  substitutes  for 
tartaric  acid  in  baking  powders  have  been  potassium  bisulphate, 
IvH.SO^,  and  alum.  The  potassium  and  sodium  suljihates  jiroduced 
when  the.se  substances  are  neutralised  by  .sodium  bicarbonate  are 
powerful  purgatives,  and  as  such,  are  ab.solutely  unfitted  for  inti'oduc- 
tion  into  bread.  These  powders  constitute  the  third  group,  or  alum 
powders.  A  curious  anomaly  of  the  law  on  adulteration  is  that,  while 
the  addition  of  alum  to  bread  is  considered  to  be  adulteration,  and 
therefore  penal  ;  yet,  Ijecaust;  baking  powder  is  not  in  the  eyes  of  the 
law  an  article  of  food,  its  preparation  from  alum  is  not  a  legal  otlence. 

The  action  of  alum  in  bread  on  its  artiticial  digestion  was  demon¬ 
strated  by  a  number  of  experiments  made  by  Knights,  and  communicated 
to  the  Society  of  Public  Analysts  in  ISSO.  Hehner  has  since  (in 
Novend)er,  181)l!)  jjublished  the  results  of  researches  on  the  etl'ect  on 
artiticial  digestion  of  alumed  baking  powders.  The  baking  powder 
used  had  the  composition 


Crystallised  Alum, 

Sodium  Bicarbonate, 

Stai’ch,  ... 

Moisture,  and  not  determiiu'd. 
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Lhsing  the  directions  given  with  the  wra{)per,  this  ]iowder,  if  emj)loyed 
for  bri'ad making,  would  yield  a  4-lb.  lo;if  containing  I’lO  grains  of  alum. 
Cn  treating  hard-boiled  white  of  egg  with  pepsin  .solution,  the  addition 
of  the  alum  baking  powder,  and  also  }uire  alum  to  the  same  extent  as 
the  baking  powder  contained,  both  eipially  retarded  digestion. 

Thei’e  wan  e  ne.xt  some  expiu  iments  made  on  Hour  ;  .and  with  this, 
while  alum  has  a  most  injui'ious  iidluence  upon  tlu'  digestion,  that  of 
alumed  l)aking  powder  is  hut  slight.  With  bread  a  series  of  experi¬ 
ments  was  made,  in  which  pure  bread  was  digested  with  pepsin 
■solution  and  alumed  baking  powder  and  alum  resi)ectively  ;  with 
amounts  of  baking  powder  ri'commended  to  b(‘  ta.ktui  by  the  manufac- 
tui'er,  th(!  inlluenct'  of  alum  and  of  alumed  baking  powder  is  about 
eipial,  both  ]ii’oducing  very  marked  retarding  action.  A  physiological 
experiment,  in  which  four  }>ersons  took  each  a  do.si'  of  l).aking  powder 
dissolved  in  wattu'  and  then  sweetened,  was  made.  'I'he  amount  so 
taken  was  '1  grams,  I'cpial  to  that  contained  in  4  ounci's  of  bre.ad  made 
according  to  manufacturers'  directions  the  resultant  symj)toms  were 
those  res(unbling  an  attack  of  indigestion,  being  slight  (lillimilty  in 
breathing,  headaclu',  and  ultimately  slight  di.arrho'a,  which  .symptoms 
laste(l  for  several  days. 

Sub.seciuently  to  this,  in  ISD.'l,  a  ca.se  of  ])i'o.secution  for  the  sale 
of  alumed  baking  powder  came  bebu'e  tlu‘.  ( Uamoi'ganshire  Quarter 


iSt'Ssious.  Ainuiiu;  other  ('videiice  "iveii  thert*  was  tiiat  of  the.  scientilic 
witnesses,  of  which  tlie  following  is  a  sunmniry  : 

Dr  W.  INIorgan,  Public  Analyst,  stated  that  a  4-11).  loaf  made 
according  to  ilirections  given  would  contain  3(10  grains  of  baking 
})owder,  of  which  144  grains  were  alum.  On  addition  of  water  to  the 
l)aking  powd(‘r  a  reaction  occurs,  in  which  potash-alimi  and  sodium- 
bicarbonate  ju'oduce  alumiidum  hydrate,  sodium  sulphate,  j)otassium 
sulphate,  carbon  dio.xide  gas,  and  watc'r.  Th(‘  quantity  of  alumiidum 
hydrate  might  be  taken  as  one  si.xth  of  the  alum,  or  34  grains  to  the 
4-lb.  loaf.  On  being  eaten,  the  hydrochloric  acid  and  pepsin  of  the 
gastric  juice  dissolved  the  aluminium  hydrate,  with  formation  of  .solulile 
aluminium  chloride,  which  latter  body  was  no.vious  to  the  stomach. 
Aluminium  liydrate  was  prepared  from  this  liaking  powder,  nd.xed 
with  water,  and  taken  with  a  mid-day  meal.  At  the  same  meal 
another  person  drank  nothing.  Artificial  vomiting  was  shortly  after¬ 
wards  in  both  cases  induciHl,  and  hydrate  of  alumina  added  to  the 
contents  of  the  stomach  in  the  case  of  the  subject  who  had  druidv 
nothing.  Doth  vomits  were  then  dialysed,  and  aluminium  chloride 
found  in  each,  thus  showing  that  the  alumina  had  been  converted  to 
the  solulile  form. 

Professor  Dunstan  state'd  that  aluminium  hydrate  dried  at  "212°  F. 
was  soluble  in  the  diluted  gastric  juice  of  a  dog  ;  and,  further,  that 
such  gastric  juice  dissolved  aluminium  hydrate  from  bread  baked  with 
the  powder.  Further,  aluminium  hydrate  diied  at  212°  F.  was  soluble 
in  a  dilute  solution  of  sodium  carbonate  of  0-3  per  cent,  strength,  the 
strength  of  the  alkali  in  intestinal  juice.  He  conseciuently  found  that 
this  alumed  baking  powder  interfered  with  the  digestion  of  starch 
by  ptyalin,  and  also  with  peiitic  and  pancreatic  digestion.  Flehner, 
Laudei’,  Prunton,  and  others  ga\e  corroborativi*  e\’idence. 

The  line  of  defence  was  that  the  preceding  evidence  had  not  shown 
that  the  baking  powder  was  injui’ious  to  health,  but  only  that  it  might 
he.  Among  witnes.ses  called  for  the  defence  was  Mr.  F.  Sutton,  who 
described  an  experiment  he  had  made,  in  which  a  coachman  ate  a 
j'ound  of  br(*ad  made  with  the  baking  powder,  and  about  two  hours 
after  had  the  contents  of  his  stomach  removed  ;  the.se  were  subjected 
to  dialysis,  and  found  to  contain  no  aluminium  chloride.  Dr.  Lull  and 
IMr.  W'ynter  lllyth,  who  were  also  jiresent  at  this  exjieriment,  concurred 
with  Sutton  ;  they  all  considered  aluminium  hydrate  to  lie  insoluble 
under  the  conditions  of  bread  digestion  in  the  human  stomach,  and 
viewed  Moigan’s  exiieriments  as  valueless,  becausi;  feebly  precipitated 
aluminium  hydi-ate  was  much  more  soluble  than  aluminium  hydrate 
baked  in  a  state  of  actual  dissemination  through  a  loaf  of  bread.  Dr. 
15.  Ward  Richardson  followed  on  the  same'  side,  and  was  of  opinion 
that  the  use  of  alumed  baking  ])Owd(‘r  was  not  injurious  to  health. 
Mr.  Wynter  lllyth  considered  that  l)r.  Morgan’s  aluminium  hvdrate 
was  not  in  the  .same  condition  as  that  of  aluminium  hydrate  baked  in 
bread  ;  and,  furtlier,  that  alumed  baking  powcUu'  was  not  injurious  to 
health. 

The  decision  of  the  Court  was  that  the  baking  powder  was  mixed 
with  a  certain  ingredient,  to  wit,  alum,  which  is  injurious  to  health. 
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;iii(l  therefore  (lie  eonvietioii  of  the  person  sellinij  the*  sanu*  was 
Since  that  (lat(^  tiu'  same  matter  has  l)(>en  made  the  snhjc'C't  of  ap[ieal 
to  one  of  tli(^  Ili,i,di  Courts,  and  Justices  Hawkins  and  Jjawrence  ha\'(' 
lield  tliat  such  sale  of  aluined  bakiny;  powder  is  not  illegal,  because 
baking  powch'r  is  not  food  within  the  mi'aning  of  the  Act. 

Very  considerable  diderence  of  opinion  was  expressed  during  the 
giving  of  the  abovi^  cited  evidence  as  to  the  condition  of  the  aluniiniuni 
hydrate  and  its  behaviour  in  tlie  stomach.  Of  all  experiments  that  of 
Sutton  was  far  the  nujst  conclusive,  because  of  being  made  on  bread 
manufactured  with  tlu'  powder.  The  sejiarate  addition  of  alum  or 
alunu'd  baking  powder  to  pui'e  bread  undergoing  artificial  digestion, 
or  to  the  contents  of  the  stomach,  involves  conditions  so  distinct  from 
those  which  hold  in  the  actual  use  of  alumed  baking  powder  that  coni- 
})arativ(*ly  little  importance  can  be  attached  to  the  results,  whatever 
they  may  b('.  The  obvious  cour.se  would  Ix'  to  artiticially  digest  bread 
pi'cpared  from  alumed  baking  powder  against  lireads  jin'pared  with 
and  without  admixture  of  alum  ;  and  in  case  of  human  digestion,  to 
also  experiment  in  the  same  manner  as  Sutton  with  the 
bread. 

To  throw  additional  light  on  this  matter,  the  author  has  recently 
made  the  following  series  of  experiments  : — Three  loaves  of  bread  were 
jjrejxired  from,  in  each  case,  2  lbs.  J  oz.  of  hour,  1  Ua  8  oz.  of  water,  1 
oz.  of  yeast,  and  oz.  of  salt.  At  the  tinui  of  mixing  there  was  also 
added  to  Xo.  1,  9'o5  grams  of  alum  ;  and  to  Xo.  2,  9'3h  grams  of  alum 
and  4'80  grams  of  sodium  bicarbonate  ;  Xo.  .8  was  left  jilain.  The 
total  jjroteids  in  each  were  determined,  and  <a  portion  of  the  bread 
subjected  to  artificial  digestion  with  jjejisin,  the  following  lieing  the 
method  ailo^Jed  : — 5  grams  of  the  bread  were  taken  and  rubbed  down 
in  a  mortar  with  25  c.c.  of  O'Ol  ])er  cent,  solution  of  jiepsin  in  0-2  per 
cent,  hydrochloric  acid,  then  made  up  to  100  c.c.  with  water,  and 
digested  1 hours  at  42)-5°  C.  44ie  solution  was  filtered,  and  the  amount 
of  digested  jiroteid  determined  in  tlie  filtrate.  The  comjiarative  starch 
digestion  was  estimatixl  by  rubbing  down  5  gi-ams  of  l)read  in  a  solution 
of  malt  diastase,  making  up  to  100  c.c.,  and  digesting  at  21°  C.  for  one 
hour.  Maltose  was  thmi  determined  in  the  filtrate  from  each.  The 
following  are  the  results  of  anah'sis  in  percentages  : — 


1. 

Almii. 

Total  proteids  IxTore  digestion, .  8-15 

Proteids  digested, .  .  1-99 

Maltose  found,  being  evidence  of  digestion 

of  starch,  ...  •••  •••  dG’3G 

Other  series  of  exiieriments  were  made,  in  wide 
results  were  obtained.  The  (luantity  of  alum  jireisent,  under  the  con¬ 
ditions  of  the  exiieriment,  retarded  proteid  digestion  to  about  half  the 
rate  in  its  absence.  Practically  no  dilVerence  was  made  in  this  retarding 
action  by  the  jiresence  of  .sodium  bicarbonate  :  in  other  words,  the 
alumed  liaking  })Owder  was  (Mpially  injurious  with  alum  us('d  alone. 
The  dillerencc  in  amount  of  starch  digestion  was  not  so  marked 
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prol)al)ly  it  would  liave  Ixa'ii  liad  a  diastase  solution  of  less  streii,i,dh 
i)een  used.  There?  is  a  uiai'ke'd  diriereiice  betwi-en  the*  alunu'd  and  the 
plain  loaf,  Imt  in  this  ease'  tlu'  redardinif  ae:tion  of  alum  is  largely  ovejr- 
conie  by  the  presence  of  bicarbonate'  in  No.  2,  ei  result,  eloubtle'ss,  of 
the  ueutriilising  ell’ect  of  the  alkaline  salt  on  the  alum. 

490.  Self-Raising  Flour. — T  he  articles  solel  under  this  name 
ceeusist  of  Hour,  mixeel  Avith  aciel  t.-vrtrates  or  phosphates,  anel  the 
bicarboiiiite'  of  soela  :  as  with  baking  poweler,  the  eieklition  of  wiiter 
causes  the'  evolutieen  of  g;is.  iSelfuaising  Hours  may  be  vieweel  iis 
being  Hours  sold  with  luiking  powder  alreeiel}'  mixed  with  them.  It  is 
claimed  for  the  use  of  phosphates  in  this  manner  that  it  replaces  tlu'se' 
impeArtant  salts  which  are  removed  from  the  wheeit  in  the  bran. 

491.  Use  of  Hydrochloric  Acid.  — In  the  manufacture  of  whole¬ 
meal  bread  it  is  customary  tee  employ  hyalreechloric  aciel  anel  soelium 
carbonate  in  the  exact  proportions  in  which  they  neuti-alise  each  other  : 
they  then  not  only  evolve'  carbon  dioxide  gas,  but  also  yielel  se)dium 
chloride,  or  ceemmon  salt,  thus  : — 

NaHCOg  -f  HCl  =  NaCl  +  Hp  +  CO,,. 

Soiliwm  Uyilrochloi'ic  Sodium  Water.  Carbon 

Bicarbonate.  Acict  Cliloride.  Dio.\ide. 

The  seilt  thus  formed  lessens  the  quantity  which  otherwise  would 
have  to  be  added  to  the  bread.  Great  care  is  requisite  in  the  proper 
mixing  of  the  acid  and  the  carbonate  Avith  the  meal  :  it  is  also  im 
portant  that  exactly  the  right  proitortions  should  be  taken.  A  rough 
measurement  of  the  strength  of  the  acid  may  be  made  by  taking  a 
Aveighed  quantity,  say  an  ounce,  of  the  bicarbonate  of  soda,  dissolving  it 
in  boiling  Avater  in  a  beaker,  and  then  adding  a  feAv  drops  of  litmus 
solution.  The  hydrochloric  acid  should  be  measured,  or  else  a  (juantit}’’ 
placed  in  a  beaker,  and  Aveighed  in  it  ;  then  add  the  acid  little  by 
little  until  one  drop  changes  the  colour  of  the  bicarbonate  of  soda  solu¬ 
tion  from  blue  to  red.  Then  again  Aveigh  the  acid  containing  beaker  ; 
the  loss  in  Aveight  giA’es  the  quantity  of  the  hydrochloric  acid,  eejuiv-a- 
lent  to  an  ounce  of  the  lucarbonate.  Comme7'cial  hydrochloric  acid  is 
usually  sold  Avith  a  guaranteed  density  of  1-15;  this  is  equiA’alent  to 
about  30  per  cent,  of  the  anhydrous  acid.  As  84  parts  of  sodium 
bicarbonate  ai'e  exactly  neutralised  by  3G'5  of  anhydi'ous  hydi'ochloric 
acid,  and  as  this  amount  is  contained  in  122  ]>arts  of  the  commercial 
acid,  the  bicarbonate  of  soda  and  hydrochloric  acid  of  this  density  should 
be  used  in  the  proportions  of  84  of  the  bicarbonate  to  122  of  the  acid, 
or  practically  in  the  proportions  of  2  to  3  by  Aveight.  It  has  been 
recommended  that  3  lbs.  each  of  the  acid  and  bicai'bonate  be  list'd  to 
the  sack  of  Houi'  :  these  proportions  leaA'e,  however,  a  considerable 
excess  of  the  carbonate  in  the  bread.  The  great  objection  to  the 
hydrochloric  aciil  method  is  that  the  commercial  acid  almost  iiiA'ariably 
contains  traces  of  ansi'iiic,  and  thus  a  minuti;  (juautity  Hnds  its  way 
into  the  loaf. 

492.  W^hole-Meal  Bread. — It  is  principally  in  making  Avhole- 
meal  bread  that  the  hydrochloric  acid  .and  bicarbonate  method  is  em¬ 
ployed.  The  reason  is  that,  Avith  the  presence  of  the  bran,  cerealin  is 
BU 
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introdiu  od  into  the  (lout;li  in  s'uch  (lUiintity  that,  it'  nnlinary  fonnenta- 
tion  jirocosse-s  he  employed,  diastasis  in'oeeeds  to  a  very  serious  extent. 
Tlie  excess  of  dextrin  tints  produced  causes  tlu^  dou^li  to  heconie  soft 
iind  clannuy,  and  so  to  oll'er  a  nmtrix  in  which  sour  and  other  unhetilthy 
fermentations  tire  apt  to  jtroceed  rapidly.  The  hrown  colour  is  due  to 
the,  excess  of  ilextrinous  matter  contained  in  the,  hread.  The  ra]>idity 
of  the  acid  treatment  emibles  the  hretid  to  he,  ujot  into  the  oven  before 
diiistasic  action  can  liave  jiroctasled  to  tiny  extent  When  the  fermen¬ 
tation  method  is  emj)loye(l  for  makini;  whole-meal  bread,  it  is  customary 
to  make  a  sponge  with  a  small  (juantity  of  very  strong  flour,  and  only 
add  the  whole  meal  at  the  dough  stage.  Ifowever  made,  wholemeal 
I)read  has  a  gi'eat  tendency  to  become^  sodden  ;  in  order  to  drive  off 
excess  of  nu)istinc,  it  has  to  Ix'  baked  for  a  considerable  tinu‘,  conse- 
(juently  the  loaf  has  often  a  veiy  thick  ciaist,  while  the  interior  is  still 
unduly  moist.  In  summer  tinu'  particulai-ly  the  making  of  whole-nuail 
brc'ad  is  an  unsatisfactory  operatimi,  as  great  ditliculty  is  often  experi¬ 
enced  in  producing  a  sound  and  well-iisen  loaf.  Tlu'  whole  of  the 
])recautions  necessary  in  the  manufactui-e  of  whole-meal  bread  are 
strongly  suggestive  of  the  unsuitaliility  of  such  meal  for  the  purposes  of 
making  bread  at  all.  It  is  to  be  dejilored  that,  for  the  sake  of  getting 
the  nutriment  supposed  to  be  contained  in  the  bran,  a  section  of  the 
public  should  demand  a  form  of  bread  so  unhealthy  in  other  respects. 

In  all  the  operations  just  desci'ibed,  carbon  dioxide  is  formed  in 
dough,  and  thus  rai.ses  it.  The  chemical  action  which  under  the.se 
circumstances  takes  place  is  not,  howevau',  a  complete  if'presentative  of 
that  which  occuis  with  yeast.  ( )n(‘  of  tlu'  functimis  of  this  body 
during  the  fermentati(jn  of  bread  is  to  act  on  the  proteids,  and  also  to 
a  certain  extent  on  the  starch  ;  the  I'esult  of  such  action,  when  normal, 
is  to  impart  to  the  bread  a  chaiacteristic  lla\our  that  can  be  obtained 
by  no  other  means  at  pre.sent  known. 

493.  The  x3Eration  Process.- other  method  of  a'rating 

bread  remains  for  consideration,  and  that  is  the  system  associated  with 
the  naiiK'  of  Dr.  rauglish.  Tlu*  carbon  dioxide  is  in  this  method  pre¬ 
pared  ajiart  frttm  tla*  bread  and  forced  into  water  uiuler  pri'ssure  ;  this 
wat(,“r,  which  is  akin  to  the  terated  water  sold  as  a  b(‘verage,  is  then 
us(‘d  for  converting  tins  Hour  into  dough,  the  whole  ojuuation  of  knead¬ 
ing  being  performed  in  a  specially  prepared  vesstd  in  which  tin'  pressure 
is  maintained.  The  kneading  being  completed,  the  dough  is  allowed  to 
emerge  from  th(^  kneading  vessel,  and  immediatt'ly  rises,  from  the 
exp.ansion  within  it  of  the  dissolved  carbon  dioxide.  Such  was  the 
nature  of  the  method  originally  em])loyed  by  Dauglish;  but  now  the 
following  modification  is  used  :  A  weak  wort  is  made  by  mashing  malt 
and  Hour;  this  is  allowed  to  ferment  until  through  t  la*  agency  of /'nr/tv/i; 
it  has  become  sour,  in  all  likelihood  through  the  jtresence  of  lactic 
aci<l.  'fla^  water  to  be  a-raU'd  is  HrsL  mixed  with  :i  portion  of  this 
weak  acid  liijuid  ;  it  is  then  found  to  absorb  the  carlion  dioxide  gas 
much  more  readily.  The  acid  also  softiuis  the  glutmi.  So  far  as  the 
actual  a'ration  process  is  concerned,  this  method  is  mechanical  rather 
than  chemical.  The  great  objection  is  that  those  more  subth'  changes 
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by  w  liioh  fliivour  is  ^iroducisl  do  not  occur  luuu!  iiiori'  tliaii  in  tlio  otliei' 
purely  cluuuical  iiu'tliods  of  luvud-iiiakin^  lH‘b)r('  describcul.  A  coininon 
expiuicncc  in  catinc;  a'cated  l)r<'ad  for  sonu^  tinu‘  is  that  it  after  a  wliile 
.ejivt's  the  iin])ression  of  rawness.  This  is  douldless  du(‘  to  tliere  beince 
no  such  peptonisation  of  tlie  prot(‘ids  as  results  from  fVrinentation.  It 
is  jiartly  to  meet  tliis  want  that  the  fermenttHl  wort  is  now  added  as  a 
part  of  tlu'  process.  On  the  other  hand,  as  a  compensation  Tu'  this 
lack  of  tla\'our-]U’oducini(  changes,  the  operation  is  one  in  which  theri; 
is  no  danger  of  those  injurious  actions  occurring  of  which  mucli  has 
already  bt'en  said.  AVorking  w ith  Hours  tliat  are  weak  and  dani]),  or 
even  bordering  on  tlu‘  vei'ge  of  uns(jundness,  it  is  still  po.ssible  to  pro¬ 
duce  a  loaf  that  should  lx*  wholesome  and  palatable,  certaiidy  supei’i(jr 
to  many  sodden  and  sour  loaves  one  .sees  made  from  low  (piality  ilours 
f(‘rment<>d  in  the  ordinary  manner.  In  thus  stating  that  it  is  possible 
to  treat  Ilours  of  inferior  (juality  by  tins  a'rating  method,  the  author 
wishes  specially  to  carefully  avoid  giving  the  impression  that  it  is  the 
habit  of  those  companies  which  woidt  Dauglish’s  method  to  make  use  of 
only  the  lower  (pialities  of  Hour;  he  has  never  had  any  reason  whatever 
for  sui)i)osing  such  to  be  the  ca.se.  His  object  in  the  pre.sent  remarks 
i.s  simply  to  point  out  th(>  advantages  i)ossessed  by  this  method,  sliould 
circumstances  unfortunately  ari.se  lendering  it  necessary  to  have  re 
course  to  inferior  tlours  for  bread-making  jairposes. 

1 1 iclifii dson  claims  foi  the  auiition  process  that  it  is  eminently  suited 
toi  tlie  iminuf. icitui e  of  w hole-nu.^al  iax-'ad.  (Jf  this  there  is  not  thci 
slightest  (loubt :  whole-meal  is  not  fitted  for  fermentation  processe.s,  and 
the  a'l-ation  proc(>ss  distends  the  dough  with  gas,  without  the  add’ition 
of  any  foreign  sidistance  whatever. 

It  IS  al.so  claimcxl  foi  the  auiition  proces.s  that  it  enables  the  ceriailin 
to  be  retained  within  the  bread;  and  that  this  is  “a  most  powerful 
agent  in  promoting  the  easy  and  healthy  digestion  of  food.”  It  is  stated 
that  this  agent  is  retained  uiiinjured  by  the  au-ated  bread  process.  The 
author  of  this  statement  apparently  overlooks  the  fact  that  diastasic 
action  is  destroyed  liy  the  subjection  of  proteids  to  a  teni])erature 
appimaching  H 1  L>“  F.  However  active,  therofore,  cerealin  may  be  in 
eHecting  diastasis  of  starch  during  jianary  fermentation,  its  power  is 
destroyed  by  etlicient  baking,  and  the  bread  contains  no  activ(>  diastasic 
principle.  This  remark  applies  with  eipial  force  to  bread  eontaining 
malt;  it  is  so  well  known  that  malt  infusion  converts  starch  into 
de.vtrin  and  maltose,  that  from  time  to  time  it  has  been  introduced  into 
jread.  It  must  lieri',  too,  be  remembered  that  the  baking  entirely 
destroys  its  diastasic  action,  and  so  c-auses  th(‘  malt  to  be  inert  as  a 
digestive  substance. 

404.  Gllltsil  BrG3(d. — It  is  important  that  tlu'  diet  of  diabetic’ 
Hitients  .should  contain  no  sugar,  starch,  or  other  compounds  capable  of 
denig  converted  into  sugar.  For  tludr  u.se  bread  i.s  prepared  conlainimr 
tlie  gluten  only  of  the  Hour.  A  strong  Hour  should  be  .selected  and 
iiimle  into  a  still’ dough  with  water  only;  this  i.s  allowed  to  stand  for 

most  an  hour,  and  then  carefully  kneadi’d  in  small  pieces  at  a  time  in 
•<’ 'vessel  of  water ;  the  starch  esca[ies  and  the  gluten  remains  behind. 


404 


TIIK  SCIEXCE  AND  AKT  OF  liKEAI)  MAKINfi. 


(.'are  is  nefessary  in  pei-forniing  tliis  operation,  as  otherwise  tlie  lump  of 
(lougli  does  not  liold  tog(‘tlier.  Shoulcl  there  he  any  ditlicadty,  tlie  dough 
may  Ije  enclosed  in  muslin  prior  to  being  kneaded.  The  gluten  must 
b(‘  w'ashed  in  successive  wabn'S  until  it  no  longei'  contains  starch  ;  at 
this  point  the  gluten  ceases  to  render  the  washing  water  milky.  When 
properly  washed  the  gluten  is  ready  for  the  oven,  and  is  usually  baked 
in  small  rolls  or  buns.  As  it  swells  enoi’inously  dui'ing  baking,  a  veiy 
small  piece  is  sutlicient  for  each  roll. 

495.  Relative  Nutritive  Values  of  Different  Varieties  of 

Bread. -  Fi'om  time  to  time  an  agitation  cro^js  up  in  favour  of  using 
whole-meal  for  bread  instead  of  tinely-dressecl  floui’.  Yet  in  spite  of 
this  the  public  are  found  to  steadil}'  demand  a  white  loaf.  The  millers, 
who  have  found  themselves  foi-ced,  at  an  enormous  ex^jense,  to  revolu 
tioni.se  the  machineiy  of  their  mills  in  order  to  pi-oduce  a  whiter  flour, 
are  painfully  aware,  of  this  fact. 

Every  baker  is  familiar  with  the  injurious  action  of  the  cerealin  of 
the  bran  during  i)anitication :  any  reasons  which  are  sufficiently 
powerful  to  outweigh  the  disadvantages  of  this  action  must  indeed  be 
couent.  The  advocates  of  whole-meal  bread  assert  that  the  whole- 
meal  is  more  nutritious  than  the  dre.ssed  Hour.  15ut  this  opinion  is  not 
altogether  borne  out  by  facts.  Thus  I’.ell,  in  “  Analysis  and  Adultera¬ 
tion  of  Foods,”  remarks  that — “  Contrary  to  the  views  sometimes  put 
forward  by  the  advocates  of  the  use  of  wdieat-meal  hrcvid,  the  samples 
of  household  Hour  submitted  to  analysis  were  found  richer  in  nitro- 
irenous  matter  than  the  entire  wlu'at  grains.”  Whole-meal,  howevei-, 
contains  a  higher  pro])ortion  of  phosjihates  than  does  the  dressed  lloui' 
The  whole-meal  is,  of  cour.se,  the  Hour  the  l)ran ;  this  lattei- 

substance  is  rich  in  ^'ut  contains  no  gluten.  The  bran  is 

also  rich  in  ])hosphates.  Eut  from  a  dietetic  point  of  view,  the  value  of 
an  article  of  food  depends  not  only  on  its  composition,  but  on  what 
substances  it  yields  during  the  ordinary  processes  of  digestion.  In 
Chapter  XVT.,  i)aragraph  3(51,  it  is  shown  that  bran  3delds  compara¬ 
tively  little  solul)le  r'xtract  to  water,  so  that  its  actual  composition  is 
not  a  fair  criterion  of  what  it  yiekls  to  the  human  system.  Kubner,  at 
the  Physiological  Institute  in  Munich,  mad('  some  careful  determinations 
of  the  value  of  bran  as  an  article  of  food  ;  by  direct  exi)eriments  on  men 
he  investigated  tlu^  amount  of  material  a.ssimilated  from  tliree  varieties 
of  Hour;  1,  a  line  (juality ;  '2,  medium;  3,  Hour  made  from  whole-meal 
with  the  bran.  The  dough  was  preparc'd  with  pre.ssed  yeast.  In  the 
excreta  the  following  amounts  of  unused  material  were  found,  expressed 
in  percentages  of  the  (juantity  eaten  : — 

Variety  of  Flotir. 


No.  1. 

No.  a 

No.  ;t. 

Dry  Substance 

4-0 

(5'7 

12-3 

Nitrogen  ... 

20  1 

24-(i 

30  A 

Carbohydrates 

1-1 

2-H 

7-4 

The  (juantity  of  excreta  was  high  with  the  whole-meal,  the  excess 
consisting  of  the  indigestible  hull  of  thi'  grain. 

A  remarkable  series  of  physiological  exju-riments  have  been  carried 
out  upon  himself  by  Cirard  (Ann.  Chim.  [(ij  3,  280)  in  order  to  deter- 
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inino  the  iiliinontaiy  valu(>  of  the  je-oti'ids  of  tlio  aleuiuiie  layt'i-  of  llie 
hran.  He  sliows  eonclusiveh’  tliat  tlio  aleuroiie  ,i,n’aiiiw  (iiT  so-ealhal 
i^liiten  cells)  pass  lliroiiifh  tlu*  aliiiKMitary  cai)al  ajipai'ently  unaltered. 
I  he  ju'otection  of  the  j)i'ot(‘ids  ayainst  tlu'  action  of  th(‘  digestive  secre¬ 
tions  IS.  doubtless,  entirely  due  to  the  hiyhly  iniiiernu'able  nature  of  the 
cell-walls. 

Further,  in  an  ordinary  nd.ved  diet  the  retention  of  bran  in  Hour  is  a 
false  economy,  as  its  presence  so  (|uickens  the  peristaltic  action  as  to 
prevent  the  coinjilete  digestion  and  absorjition,  not  only  of  the  proteids 
present  in  the  branny  food,  but  also  of  othei-  foods  taken  at  th(‘  same 
time.  Doubtless  with  the  hran  ground  tiner  it  yields  its  constituents 
the  more  readily  to  digestive  action,  but  the  tine  bran  is  even  more 
objectionable  during  i)anitication.  The  most  important  loss  resulting 
from  the  rejection  of  the  bran  is  that  of  the  phosphates;  this  loss  isy 
however,  more  than  made  up  by  the  presence  of  these  salts  in  the 
other  ftjod  stutl's  of  an  ordinary  mi.Ked  diet.  The  whole  of  the  advan¬ 
tages  of  whole-meal  bread,  without  any  of  its  evils,  might  be  obtained 
by  the  addition  of  phos])hates  in  approjiriate  iiuantity  to  white  flour 
One  argument  often  adduced  in  favour  of  whole-meal  bread  is,  that  it 
IS  specially  suitable  where  little  meat  is  eaten.  Now  in  Scotland  the 
people  are  not.iriously  little  meat  eaters  :  so  also  in  rreland  the  (ruantitv 

meat  eaten  is  proportionately  far  less  than  in  England.  Yet  in  both 
these  countries  the  demand  is  for  a  white  loaf  :  the'Scotch  labourer  and 
the  Irish  jicasant  would  reject  not  merely  brown,  but  also  the  dirty 
colmired  white  bread  made  from  low-grade  flours. 


496.  Unsuitability  of  Barley  Meal,  &c.,  for  Breadmakinsr. 

-Questions  often  arise  as  to  why  barley  and  other  cereals  do  not  make 
such  good  Ijread  as  does  wheaten  Hour.  One  reason  has  already  been 
gaven  :  wheat  is  distinguished  from  the  other  somewhat  similar  food 
Stuffs  by  its  containing  gluten  ;  it  is  the  presence  of  this  peculiar  albu- 
imnous  body  that  confers  on  wheat  Hour  its  characteristic  bread  niakim^ 
<|iiahties.  The  proteids  of  the  other  cereals,  and  also  of  peas  and 
tlie  otlier  legiiimnous  .seeds,  possess  more  active  diastasic  i.roperties- 
conseiiuently  during  fermentation  tliey  yiekl  much  dextrin,  and  iiroduce 
•lark  coloured,  sodden,  and  often  sour  breads.  The  diasta.se  of  rye  is 
Jiarticularly  active.  In  addition  to  the  colour  jiroduced  \>y  diastasis 
peas  liav(‘  natuially  a  dark  colour  of  their  own,  .so  that  their  introduc- 
lon  into  bread  would  vmy  materially  alldct  the  colour.  In  comi.ariim 
'•arlev  and  rye  Hours  again, st  that  of  wheat,  the  diH’erences  in  th(>  rm 
H*ective  milling  processes  iiiu.st  not  lie  ignored.  The  bran  and  giu  iii  of 
'V  leat  ar(‘  separated  from  the  flour  by  most  refiiu'd  methods,  whil(‘ 
Mi  eyand  rye  are  still  grouml,  and  the  meal  puiilied,  bv  the  crudest 
<‘  •1.  laiice.s.  1  his  must  of  necessity  make  a  difrcrence  in  tlu-  charactiu- 


Flour  Blending.  The  consideration  of  the 
Vlmle  prob  eiu  (.f  l.lending  Hours  and  wheats  has  biam  inirpo.s.dv  po.st- 
pmed  until  tins  stage,  in  oide,’  that  the  reader  may  have  before  liiin  an 

onrP'f-  **  i  changes  which  flour  undm'goes  during  the 

'D  '-ations  of  paiiary  fermentation.  The.se  changes,  in'  short,  consist  in 
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more  or  li'.ss  conversion  of  starcli  into  dextrin  iind  imiltose,  iiiul  in  tlie 
graduid  softening  and  otliersvise  altering  the.  gluten  of  the  flour.  As 
has  heen  ]>reviousl3’'  insisted  on,  the  gluten  must  havi^  had  during  fei’- 
nuMitation  suilicient  opportunity  to  hydrati'  and  soften  .sutiiciently ;  hut 
must  not  have  b(>en  allowed  to  further  change,  as  if  so  it  will  have  lost 
its  tenacity,  and  will  produce  an  inferior  loaf.  xV  grc'at  deal  of  the 
success  of  a  skilled  haker  di'pends  on  his  having  ac‘(|uirefl  the  expm’ience 
which  enables  him  to  take  his  dough  and  jilacf^  it  in  tlu*  <jven  just  at 
this  right  point  when  fermentation  has  iiroceeded  sutlicientl}'  far  to  get 
the  glutmi  of  the  Hour  in  its  best  jiossibh*  condition. 

The  problem  is  further  complicated  by  the  fact  that  dift'erent  Hours 
reipnre,  in  order  to  arrive  at  this  stage  of  maturity,  ditlerent  lengths  of 
time  in  fermentation  ;  hence,  as  already  explained,  Hours  from  hard 

wheats  are  commonly  used  in  the  sponge,  while  tho.se  from  soft  wheats 

are  employed  in  the  dough.  There  can  be  no  doubt  whatever  that  by 
this  arrangement  far  better  bread  is  producisl  than  if  the  Hours  he  used 
in  the  reverse  order.  Tt  is,  then,  })erfectly  safe  to  state  that  the 
length  of  time  flours  require  to  stand  in  fermentation  is  in 
proportion  to  their  hardness  or  stability.  This  being  the  case,  the 
question  arises  as  to  how  this  end  may  best  be  si'cunui. 

Probably  the  most  k(*enly  contesterl  question  on  this  whole  problem 
of  blending  is  whether  it  shall  he  done,  liy  the  miller  or  the  baker, 

ddiere  is  much  to  be  said  on  both  sides  of  this  (|ue.stion.  Of  pri(jr 

importance,  however,  to  this  matti'r  of  by  whom  the  blending  shall  be  per 
formed  is  that  of  the  baker’s  actual  requirements  in  Hour.  Evichuitly  the 
baker  who  works  either  with  a.  ferment  and  dough,  or  an  oH’-hand  dough, 
needs  but  one  Hour  for  each  (piality  of  bread,  and  may  therefore  (>ither 
buy  a  ilour  which  suits  his  requirmiients,  ready  mixed  by  the  miller,  or 
may  purchast'  individual  Hours  and  mix  them  togetlnu’.  On  the  other 
hand,  tlu'  baker  who  mnploys  the  s]ionge  and  dough  .system  will,  in  the 
gri-at  majority  of  cases,  find  it  advantageous  to  use  Hours  of  a  ditlerent 
class  for  his  sponges  and  doughs  respectively.  As  already  explained, 
for  the  former  he  almost  invariably  sc-lects  a  hard,  strong  Hour,  which 
is  best  mad(‘  from  either  Spring  xVmerican  or  tlu'  hardm'  llussian 
wheats.  I'or  some  nu'thods  of  working  an  admixture  of  a  small  pro¬ 
portion  of  softer  Hour  is  an  iuqu'ovement,  as  the  jiroteids  of  the  latter 
(cxercist' a  distim  t  mellowing  and  ripening  efh'ct  on  the  glutens  of  the 
hard  Hours.  In  practici',  bakc'rs  sided  for  this  purpose'  ('ither  home  or 
fori'ign  milled  Hours  from  Sjiring  American  wheats,  or  honu'-milh'd 
Hours  from  mixtures  of  Spring  American  and  Russian  grades,  with  at 
times  more  or  h'ss  hard  Indian.  x\.  distinct  ri'cent  advance'  is  the' 
supply,  by  Ihitish  millers,  eef  Heeiirs  spe-cially  pre'pare'el  feer  speeiiging 
purpose's  freim  hard,  teeugh  wheals. 

Ib)i'  elonghing  purpose's  tlu'  wlu'at  e>r  Heair  mixture'  is  meire'  varie'd  ; 
tims  the'  .seeft,  swe'ct,  “  ceiloury  ”  Hours  ;ire'  use-el  at  this  stage'  ;  se)  ;dse>  is 
usually  a  (-('rtain  ju'eipeu'tiem  of  hai’el  Heeur,  which,  if  ne)t  ieio  much,  is 
snllicie'iillv  seefte-ne'el  by  the  elieistasic  actiein  eef  the  seifte-r  Hours  by  whie-h 
it  is  ace;e)inpanie‘el. 

A  ve-rv  inle'ie'st ing  pape-r  eeii  Kleuir  Rleneling  was  reeiel  befeire'  the' 
Rake-rs’  Xatieemd  Associat  iem,  at  Re'lteist,  by  .  1.  Ilibliard,  eet 
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(i loiii'cster,  wlio  discussed  llu'  ([luwtioii  cit'  wlictlicr  iidllci's  oc  lijikcrs 
sliould  do  tlu'  lil(Midinii',  ai-^odnif  that  tins  should  he  the  iluty  of  the 
niillor.  This  view  was  jirincijially  based  on  the  asstnuption  that  tlu' 
luiller's  education  and  trainiipij  host  fitted  him  for  niakin,<f  iieeui-ately 
the  necessaiy  scdections  of  wheat  and  then  bhuidiiiif  them.  So  lon.i^  as  the 
udlhu'  ]>ossesses  this  knowledge,  and  the  haker  does  not,  the  ai'j^ument 
is  unanswerable  ;  but  there  is  no  real  reason  why  the  bakei’  should  not 
himself  ae<iuire  this  information  and  experience,  and  then  the  ar,<rument 
no  lonyer  applies.  Dealin.s^  with  tin*  (piestion  of  blending,  apart  from 
by  whom  jierformed,  l\Ir  Hibbard’s  papei’  contained  some  most  useful 
information  conveyed  on  somewhat  the  same  lines  as  laid  down  in  the 
wheat  and  Hour  dictiona?-ies  yiven  earlier  in  this  work.  The  ideal 
mi.xture  recommended  for  makiny  a  loaf  that  shall  lie  sweet  and  nutty 
Havoui'(‘d,  of  yood  siz(‘  and  ajipeai-ance,  of  Hne  bloom,  and  which  shall 
keep  nice  and  moist  for  days,  in  fact  perfection,  is  the  following  ; — 


For  Siionging  — 

Per  cent. 

High-grade  Sjiring  American  Patent  ... 

20 

High-grade  Him  white  I tantzic 

10 

For  1  toughing^ 

Higti-grade  Cones  Hour 

25 

Talavera  straight-grade 

25 

F'ine  Winter  American  or  Pijlish  Patent 

10 

Fine  Hungarian 

10 

100 

For  some  years  there  has  b(‘en  a  demand  bj'  the  more  advanced 
Viakers  for  Hours  milled  from  single  wheats,  a  demand  evichuitly  based 
on  the  greater  individuality  which  such  Hours  woidfl  naturally  possess. 
It  is  safe  to  jircalict  that  for  some  single  wheat  Hours  tlnu’c  will  always 
be  a  market,  and  a  goor]  one  ;  among  the.se  ai’(‘  harrl  Sjiring  Americans, 
which  can  be  diH'erentiated  into  IMfiidtoban  wheat  Hours,  Northern 
Minnesota  Houi’s,  and  Southern  Minnesota  flours,  all  of  which  have 
theii-  special  characteristics.  Prime  hard  Pussian  wheat  Houi's  wmdd 
also  timl  a  mai'ket  were  they  obtainable.  Winter  American  Hours, 
both  from  soft  wheats  and  also  the  hai’d  Kansas  wlieats,  may  also  he 
included  in  this  grouji.  So,  too,  may  best  Fniglish  wheat  Hours,  and 
also  those  from  Hungai  ian  wheats. 

The  following  ar(‘  among  the  advantag(“s  which  accrue  to  the  baken- 
by  woi'king  on  the  jirima’ple  of  blending  Hours 

(1.)  '^riK'rc  are  fre(|uently  oH'ering  jiarcels  of  Hour  which  possess  iii  a 
marked  degree  soiih'  one  ([uality,  but  are  deticiemt  in  otlun-s.  1’x‘cause 
they  cannot  well  he  used  alone,  they  may  be  jiurchased  at  a  tower 
tigui’e,  and  the  blendei',  by  mixing,  can  \itilise  such  Hour  to  advantage. 
In  oth(‘r  words,  given  tlu'  reepdsite  knowledge',  it  is  often  clu'apcr  to 
prepare  the  (piality  and  character  of  Hour  I'cepdre'd  for  use  fi'om  a  mix¬ 
ture  of  (liHcrc'iit  rpialities  olUainahlc  on  tlu'  maik'ct,  than  to  buy  tlu' 
actually  uanteel  tpiality  mixe'd  rcadv  for  us('. 

(2.)  d’he  baker  who  bh'iids  Hours  has  a  greater  control  o\('r  the 
<)Uality  and  character  of  the  Hour  Ik'  uses  in  his  work.  'I'hus,  he  can 
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rcadil}’  eitlicr  iiiiprove  or  (liiiiiiiish  the  value  of  his  sjKjnging  flours  l)y 
the  addition  of  a  hag  or  a  sack  of  a  better  or  worse  flour  :  so,  too, 
colour,  flavoui',  :uid  other  chai'actoristics  of  his  tlouis  can  be  readily 
nioditied  at  will,  and  much  more  eli'eetively  than  if  he  simply  obtains 
one  ready-made  flour  from  the  millei'. 

(3.)  The  baker  can  introduce  each  jiarticular  variety  of  flour  at  tliat 
stage  of  fermentation  wliich  best  suits  its  jiarticular  characteristics. 

Iflending  affords  greater  chances  of  successful  work  with  flour,  but 
at  the  sanu'  time  entails  greater  risks,  because;  accurate  knowledge  of 
the  jeropei’ties  and  the  characters  of  the  various  flours  blended  is  re- 
(piisite,  and  also  of  their  ellect  on  each  othoi’  when  blended. 

The  baker  who  l)lends  should  lay  himself  out  to  obtain,  where  prac¬ 
ticable,  single  wlu'at  flours,  and  also  well  defined  flour  of  special 
characteristics.  Thus,  he  will  select  flours  for  their  })redominant 
([uality  ;  for  example,  one  brand  for  strength,  another  for  colour, 
another  for  flavour,  and  so  on.  Ify  a])propriate  means  lu‘  will  judge 
the  e.xact  character  of  each  of  these  flours  in  the  separate  state,  and 
then  can  readily,  with  a  little  care,  prepare;  whattwer  blends  Ix'St  suit 
his  work.  The  modern  baker  will  have  no  ditficulty  in  finding  his 
I’eejuirements  in  this  direction  met  by  the  modern  miller,  and  particularly 
by  such  as  those  whose  flours  are  fully  describe'd  in  Chapter  XXf.  on 
flour  testing.  These  are  (essentially  millers  who  make  it  their  object  to 
meet  the  requirements  of  advanced  and,  in  the  absolutely  practical 
sense,  scientific  bakers. 

^lillers,  in  blending,  usuall}’  first  mix  tlu'ir  wheats,  and  let  them  lie 
a  time  before  sending  to  the  I’olls— if  hard  and  soft  wheats  are  thus 
blended,  each  exerts  a  favourable  influence'  on  the  other  in  the  way  of 
rendering  it  more  amenabh;  to  milling.  Thus,  a  very  hard  wheat,  and 
also  a  very  soft  om;,  are  each  moi'e  difllcult  to  mill  successful!}’  than  a 
mixture  of  intermediate  character  ;  and  conse(|uently  a  miller’s  argu¬ 
ment  is  this — if  the  two  flours  ar(;  to  be  mixed  aftt'r  being  milled,  why 
not  have  the  wheats  first  mixed,  as  the  resultant  flour  is  of  better 
(piality,  everything  elso;  being  e(|ual,  than  if  the  two  separate  flours  are 
mixed  after  milling'?  On  the  other  hand,  certain  millers  have  distinct 
;ind  .separate  plants,  th('  one  for  hard  wheats  and  the  other  for  sc'ift, 
and  null  and  ti'eat  each  separately,  afterwards  mixing  the  flours.  'I'lie 
evidence,  therc'fore,  of  (;ven  niilh'rs  themselves  is  undecided  on  this 
point  of  blending  before  or  after  milling. 

Whether  blending  bt;  done  by  the  milh'r  or  tlu'  baker,  an  undoubted 
advantage  ari.s('s  from  the  latter  having  a  clear  idi'a  of  his  exact  re- 
(|uii'ements  in  flour,  and  how  they  may  best  be  na't.  With  clear  and 
full  knowledge  on  these;  ))oints,  wh('th('r  the  bak('r  blends  himself  or 
g(;ts  that  service  performed  for  him  by  tlu'  millei',  the  r('sult  is  the  more 
economic  production  of  a  better  and  higher  class  loat. 
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SPIXIAL  BREADS  AND  BHEAD-.MAKINC;  PROCESSES, 

498.  These  are  now  .so  luuiierous  that  a  description  of  some  few  of 
the  leading  and  charactc'ristic  types  may  well  he  here  included  as  a 
special  cliaptei’. 

499.  Whole-Meal  Breads.-  -As  a  type  of  these  may  be  men- 
tioiiefl  the  bread  made  from  decorticated  wheat  meal,  such  as  is 
supplied  by  the  Vale  of  Evesham  Co.,  which  is  specially  favourably 
situated  b)r  obtaining  the  finest  English  wheats  grown.  As  a  pre¬ 
liminary  to  ])ieparing  the  meal,  the  wheat  is  thoroughly  cleaned,  ami 
then  machine  scoui’ed,  until  the  whole  of  the  outer  siliceous  skin  of  the 
liran  is  practically  removed.  A  description  of  analytic  and  baking- 
tests  on  this  meal  is  given  in  Chapter  XXI. 

500.  Hovis  Meal  and  Bread. — In  Chapter  XV.,  paragraph 
126,  an  account  is  given  of  the  eilect  of  germ  on  Hour,  in  which  it  is 
shown  that,  notwithstanding  the  high  nutritive  value  of  this  body,  it 
has  a  most  injurious  ehect  on  Hour.  This  etlect  is  partly  dm;  to  the 
tendency  of  its  high  percentage  of  fat  to  become  rancid,  and  also  to  the 
active  diastasic  character  of  its  proteid  constituents.  For  the.st*.  reasons 
every  eH’ort  was  niade  to  obtain  Hour  as  })erfectly  freed  as  ])ossible  from 
giu-ni,  which,  as  a  waste  product,  found  its  wa}-^  into  the  oH'al  bin.  The 
problem  of  utilising  gei-m  as  a  bread  food  for  many  years  engaged  the 
attention  of  R.  Hmith  of  .Maccleslield,  who  Hnally  invented  and  ])atented 
a  pnjcess  by  which  the  pure  wheat  germ,  as  (‘.xtracted  by  modern 
iiiilling  j)rocesses,  is  subjected  to  the  action  of  suptnheated  steam.  Tlu' 
result  of  this  is  to  partly  cook  the  germ,  al)solutely  destroying  all 
diasta^iic  properties,  and  converting  a  highly  unstable  body  into  one 
with  good  ke(^ping  (pialities.  At  the  same  time,  this  h(';itiiig  devcdops 
in  the  germ  a  tlavour  akin  to  that  so  highly  valiu'd  in  malt,  and  also 
producfid  by  tla;  action  of  lu'at.  ( Im*  pai-1  of  this  pn-pared  gei-m, 
togethei-  with  salt  in  about  llu'  (piantity  us(‘d  in  lireacl,  is  then  mixed 
in  with  thre(‘  parts  of  white;  Hour  of  tin*  Hnest  ([uality,  and  eonstitute'S 
llovis  Hour  or  meal.  (The  nanu;  “  llovis”  is  regisleri'd,  and  can  only 
b(‘  a])])lied  to  meal  as  above  described,  made;  mnlen-  Snnth’s  Ratemts.) 
Ibjvis  ihjur  is  mannfactui-ed  ley  l\le“ssi-s.  S.  Fitton  it:  Sons,  llovis  .Mills, 
bondon  and  .Maccle-sfielel. 

1  he,  tollowing  instrue-tions  are-  give-n  by  the;  pate-nte'e-  for  bread- 
making; — “  t^uantitieis,  11  lbs.  llejvis  Houi,  1  ei/,.  e-e)m])re“sse'el  distille-rs’ 
yeast,  1  galhm  and  I  o/..  water.  llre-ak  down  the*  yeast  in  1  o/.  of 
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watei’.  4'akp  tlip  tcanjK'i'aturc  of  tho  1  lovis  flour,  and  if,  for  exainplo, 
it  is  do"  1'^.,  tlio  water  imist  1)C  1.40"  F.  ;  or  if  it  is  70°  F.,  the.  water 
must  he  110°  F.  ;  tlu'  two  ailded  always  making  1H0°  F.  Tlie  dough 
sliould  he,  from  !)0°  to  9d°  F.  ^lix  al)out  lO  Ifjs.,  or  say  two-thirds  of 
tlie  Hovis  dour,  with  tlie  gallon  of  wat(‘r  till  it  is  a  very  smooth  hatter, 
stir  in  the  dissolvtal  j’east,  then  complete  the  mixing  with  the  nmiaining' 
4  Ihs.  of  flour,  weigh  off  and  tin  immediately.  It  will  reipure  from  '20 
to  40  minut('s’  proof  (according  to  the  temperature  of  hakehou.se,  itrc.), 
and  should  he  thoroughly  well  haked,  say  frf)m  10  to  Id  minutes  more 
than  white  hi'(‘ad.  Use  no  salt.  N.I5  The  dough  slujuld  he  thin 
enough  to  Ix'  unpleasantly  sticky  ;  and  no  other  flour  should  he  used 
with  the  llovis  flour,  not  even  foi-  dusting.”  The  result  is  a  very  moist, 
sweet,  and  pleasant  Havouixal  loaf  of  bread  of  a  rich  goldeii  yellow 
coloui.  In  a  comparatively  n'cent  issue  the  Lancet  fleals  somewhat 
exhaustiv(dy  with  llovis  bread  and  flour.  It  j'oints  out  as  a  result  of 
analysis  that  in  the  case  of  tlu'  former,  its  food  value,  both  as  regards 
nitrogen  and  phosphates,  is,  broadly  speaking,  double  that  of  lu’cad 
made  with  oidinary  wheaten  flour.  The  coarse,  wood}"  fibre  of  the 
grain  is  entirely  absent,  and  the  cellulose  is  in  a  very  tinely  divided 
flour.  The  bread  is  not  oidy  highly  nutritious,  but  also  veiy  digestible, 
while  it  is  distinctly  laxative  without  being  in  the  slightest  degree 
irritating. 

The  writer  has  made  a  number  of  experinumts  with  llovis  flour  as  an 
infants’  food.  He  recommends  it  to  hi'  baked  in  the  dry  state  until 
Just  brown,  and  tlien  diluted  down  by  an  admixture  of  about  six  ounces 
corn  flour  or  other  starch  to  each  lb.  of  Hovis  flour.  The  reason  for 
this  dilution  is  the  very  high  pro])ortion  of  tlesh  forming  mat(‘rial  in 
the  Hovis  flour. 

SuhjoimMl  are  analyses  hy  the  author  of  various  llovis  pn'parations, 
with  avei'age  white  Hour  and  bread  results,  for  purposes  t)f  comparison. 

ANALYSES  OF  HOVIS  PREPARATIONS. 


llovis,  I  WlllTK. 


1 

j  Meal. 

Itreail. 

! 

lliseiiits 

Flour. 

lireatl. 

Whole. 

liried. 

Whole. 

Dried. 

Moisture, 

1 

12 ‘20  1 

42-03 

1 

4-56  1 

I’roleids,  Insolulile, 

I4’21 

.S-So 

15-12 

^  1  I  •'>C  ^ 

9 '5 

12-52 

,,  .Solulile, 

I  -jS 

1-27 

2  ‘22 

1  2 1 

'  5 

1 ' 

(  'e'lulose,  /■'///(•/)' 

,  0-54 

1 

Starcli,  iNc. ,  Ididissolved, 

1  57'6<> 

'  32  45 

57 ’SH 

\lalt( ISC,  ... 

Solulile  .Matter  other  than 

S-m' 

■  ^  j4  , 

4 '44 

777 

20-84' 

I’roteid  and  Maltose, 

)  ' 

i  h-l5 

10-70 

4-52' 

474' 

7-90 

I'liosphoric  .Acid,  l’.,( 

o-S; 

1  0-50 

0-96 

0  ()l 

0-25 

0-17 

0-28 

(  Ither  M ineral  .Matter,  . . . 

'  '.MS 

1  0-02 

1  -(13 

I  •93 

0-68 

hat,  . 

.?’2.S 

j  2-oS 

3 '(>5 

I  *00 

1-14 

'  'I’hcso  |iarticnl:ir  fiyiin-s  the  total  soluLlo  matter,  iiieludine-  [.roteids. 


SrKCI  AI,  liliKADS  AND  lU! KA  D-:M  A  K I ND  IMiOCKSSIOS. 


Tlie  jiinolint  of  fat  in  tlio  meal  works  out  to  on  tlio  (h-iod  snli(]s. 
Tho  fats  and  other  doterininations  on  wliite  flour  will  Tiaturally  vaiw 
according  to  its  source. 


501.  Malt  Extract.  This  substance'  is  prepared  by  evaporating 
!//  vacuo  the  filtered  wort  from  inashc'd  malt  until  the  i-esultant  liepiid  is 
of  the  consi.stency  of  a  thick  syrup.  In  order  to  investigate  the  com 
jmsition  of  malt  extract  under  dilTerent  eonditioms,  the  following 
e'xperiments  were  made' :  — 

A  high  (Uiality  sample  of  pale  malt  was  finely  ground  ;  and  of  this 
oOO  grams  we're  take'ii,  mixeel  with  'JOOO  c.c.  eef  weite'r,  aeiel  masheel  for 
two  hours,  at  a  temperature  of  fiO’  C.,  in  a  wate'r-jackette'el  pan.  The' 
resultant  weert  was  then  tiltere'el  bright,  and  the  “grains”  washed,  drie'el 
anel  weigheel,  their  weight  being  ll-'l  gnun.s,  sheewing  that  over  75  per 
cent,  of  the  malt  had  gone  intee  seelutieen.  This  wort  was  called  Prejeaia- 
tion  [.,  Une'vajeorateel.  A  portion  was  reserveel  for  analysis,  anel  the' 
reniiunder  evaporateel  in  vacuo,  the  ope'ratieen  being  pusheel  as  far  as 
possible  :  this  constituted  Preparation  I.,  Evapeerated. 

Another  .500  grams  eef  the  malt  were  then  taken,  mixeel  with  '2000  c.e-. 
colei  water,  ceentinually  stiri'eel  eluring  three  hours,  and  then  alle)wed  tea 
stand  ove'i'night.  The  clear  liejuiel  was  ])e)ureel  e)tt’  in  the  morning,  the 
residual  malt  drained  moderately  flry.  The  liquid  was  tilte'reel  bright, 
and  constituted  Prejearation  II.,  Pnevaporateel.  A  jeai't  eef  this  was 
e'vaporate'el  iii  jerecisely  the  same  manner  as  with  No.  I.,  anel  is  termed 
Preparatiem  II.,  Evaporated. 

The  residual  malt  from  No.  II.  was  next  teiken,  masheel  with  2000  c.c. 
more  wate-r  for  si.x  he>urs.  at  G0°  C. ,  anel  then  raiseel  te»  100°  C.,  anel 
filtereel  Ijright.  This  constituteel  Pre-paratiejn  II I.,  I^nevapeu'ate'el.  A 
])ortion  was  evapeerate'd  in  iHicuo  as  before',  and  this  feerme'd  Prepar.i 
tion  III.,  Evaporateel. 

Each  e)f  these  was  then  subjected  to  analysis,  eleterminations  be'ing 
maele  as  given  in  the  table  on  page  1 1 .2,  in  which  are  alsej  incluele'el  similai- 
analyses  of  a  cemnnercial  .sample  eif  guariintee'el  pui-e  malt  extract  sup- 
plieel  by  iMontge)me'rie  lir  Cer,  etf  Partick,  (tlasgejw;  anel  likewise'  aneetlu'r 
jiui'e  comme'rcieil  samjile'  eibtiiineel  ley  the'  authe)i-. 

\'arious  eleteu-minations,  as  give'ii  be-low,  we're'  maele'  ejii  the'  Une‘\;i- 
peirated  Pre'iiai'ations. 

No.  I.  .No.  II.  No.  III. 


Sieecific  gravity  at  1.5-0°  C.  ...  ...  I(».57-.5  1020'7  105(1-0 

l>ry  Solieks,  grams  per  100  c.c.  calculate'el 

from  gi-avity  ...  ...  ...  ...  14-05  5-57  15  00 

Dry  Solids,  grams  per  100  c.e-.  by  e-vajieera- 

tion  anel  weighing-  ...  ...  ...  1  |-0()  4-0.5  12-7S 

l)ry  Soliels,  we'ight  in  peree'iitages  ...  1.5-50  I  cS;}  1217 

The  me'thoel  of  analysis  emphiye'el  is  that  eh'scribe'el  in  Chajite-r  NX  I  \’., 
paragraph  (147,  anel  is  subje'ct  tee  the'  limitatieens  eef  ae-e-urae-y  Ihe-re'  e'x 
plaiiH'el.  It  slmulel  be;  me'iiticme'el  that  all  the'  tiguri's,  l)oth  e>n  the' 
liejuiels  and  t he'  e'xt racts,  are;  the'  re'sults  eef  elire'ct  eh'ti'rminal  ions  ;  the' 
pe'i'ccntage;  ceemjeosit iem  of  “  l)rie'il  Solids”  be'ing  cale-ulate'd  freem  timse' 
obtiiiiu'e]  ill  till'  lii|uiel  or  e'xtraet  with  wate'i-  pre'se'iit.  'riii'  eh'xtrin  was 
pre'c-ijiitiitcel  by  alcolml  and  e-oi-ri'e-teel  for  solubilitv  anel  amount  of 
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jirecipitated  protnid  :  it  no  doul)t  contains  not  only  puce  dexti'in,  dut 
also  tlu!  other  gum  like  substances  frecjuently  returned  as  “  indett'i’- 
minate  bodies.” 

The  No.  r.,  or  whole  extract,  containc'd  sucrose  in  the  wort,  but  this 
4lisapj)eared  during  concentration.  Tlu;  glucoses  also  show  a  diminu¬ 
tion,  while  dextrin  incr(‘as(‘s.  The  de.xtrin  precipitate  in  the  evajiorated 
<‘xtract  was  much  darker,  and  evidently  contained  a  considi'rable 
pro])oition  of  pisjducts  of  caramelisation. 

Tlu;  cold  watci'  extracts.  No.  11.,  are  very  interesting.  The  proteids 
and  phosphates  are  very  high  :  so  also  is  the  sucrose,  which,  however, 
diminishes  on  concentration.  The  (juantity  of  maltose  is  very  small, 
while  the  ^ducoses  represent  about  half  the  total  weight  of  the  solids 
present.  The  sugars  hero  again  diminish  during  concentration,  while 
<lextrin  increase's,  no  doubt  for  the  same  I’cason  as  in  No.  I. 

In  No.  III.,  as  might  be  expected,  sucrose  is  absc'iit,  any  traci's  in 
the  original  solution  being  doubtless  destroyed  during  the  pi-olongt'd 
mashing.  Uextr(jse  and  hcvulose  are  present  in  very  small  (juantity, 
tlu'  sugar  being  almost  entirely  maltose.  .4s  might  be  expected,  the 
(h'xtrin  is  high,  and  the.  act  of  concentration  has  produced  practi¬ 
cally  no  alb'ration  in  tlu;  jirojiortions  of  the  constitiu'nts  pre.sent,  tlu' 
lengthened  period  of  mashing  and  subse(juent  boiling  having  reduced  all 
liodies  [ireseiit  to  a  stable  condition. 

Tlu'  samples  of  commercial  extract  call  for  but  litth'  ri'inark  ;  that 
from  IMontgomerie  is  a  very  <*xcellent  specimen  of  what  a  baker's  malt 
extract  should  be;  the  de.xtrin  is  fairly  high,  and  so  also  is  the  maltost', 
sucrose,  dextrose,  and  hcvulose  being  present  in  small  (juantity.  At  tlu' 
same  time,  tlu;  samjde  is  well  concentrated,  but  'i'i-’J.'l  p('r  cent,  of  water 
being  ju’esent.  With  any  less  moisture'  the  e.xtract  would  b('  too  stitl'to 
jiour  out  of  tins  or  drums  when  cold.  The  s(;cond  commercial  samjih; 
allords  evidence  of  having  been  work('d  at  a  higher  temj)erature,  al¬ 
though  tlu;  di'gree  of  concentration  is  h'ss.  Both  these  extracts  show 
all  signs  of  being  nothing  lu'yoiul  jmiH',  normal  extracts  of  malt. 

Jn  br(;ad-niaking,  the  addition  of  malt  extract,  in  the  tirst  jdace, 
incr{;ascs,  to  the  ("(tent  to  which  it  is  u.sed,  tlu'  (juantities  jtre.Si'iit  of 
the  various  ingredients  of  the  exti’act,  among  which  ar('  sugars  which 
imjiart  sweetiu'ss  ;  dextrin,  by  which  tlu'  bread  is  caus('d  to  ix'inain 
inoistcr;  and  jihosjdiatiis,  which  add  to  tlu'  boiu'-forming  mat('rials,  and 
also  act  as  a  yeast  stimulant.  Tlu'ix'  is  in  addition  a  sj)Ocific  ('th'ct  on 
tlu;  constituents  of  the  Hour  caus('(l  by  tlu'  diastase  jin'sent  in  tlu' 
('.xtract. 

502.  Comparative  Results  of  Various  Modes  of  Employ¬ 
ing  Malt  Extract.  The  author,  some  time  ago,  made  a  somewhat 
('.xt('nsiv(' seri('s  of  ((.xjK'rinu'iits  for  .M('ssrs  .Montgonu'ric;  tV:  Co.,  Bimit('(l. 
of  Partick,  on  various  nu'thods  of  using  malt  ('.xti'act  in  bri'ad  making. 
Il('  has  r('C('iv('(l  their  [x'rmission  to  juiblish  tlu'  sanu'.  ^Vith  tlu'  sanu' 
extract,  and  under  the  sanu;  com|iarativ('  conditions,  br('ad  was  made' 
according  to  the  following  process('s  : 

I.  /’/(tin  Bread. — This  was  bread  mach;  simidy  with  Hour,  water,  salt, 
and  yeast. 


ANAIASKS  OF  MAl.T  F.XTIIACT  I’lt Kl’A U Al'ION'S. 


ii;{ 


No.  1  Fnhv. 

VPDIIATKD 

No.  1  EVAlMlIlATEll. 

i 

! 

Whdlo 
Li<iuiil.  1 

Dried 
Solids.  ‘ 

W'liolc 

Extract. 

Di  ie<! 
Solids.  1 

Water  ... 

8670 

i 

14-70 

■Mineral  Matter  (l’hos])hates) 

0*24 

1-77  « 

1-70 

1-99 

I'roteiils 

o‘S6  ! 

6-44  , 

5-27 

6-iS 

Dextrin 

1-32 

9-95  i 

10-82 

12-68 

Sucrose  ...  •  ■  ■  •  ■  •  •  •  •  •  ■  •  j 

0-43  ' 

3-23 

.\bsent 

.\bsent 

Maltose  ...  ■••  ! 

9-04 

68-03 

60-97 

71-48 

Dextrose  and  Livvulose 

1-41 

10-58 

6-54 

7-07 

1 

1 00  'OO 

100*00  1 

100-00  j 

100-00  ' 

1 

:  Cuprous  Oxide,  Cu.,(),  from  too  grams.  ... 
ReducingSugarSjCalculaledentirelyas  Maltose 

I3‘99  i 

105-2 

87-50  1 

103-70 

11-30  i 

84-98 

70-67  ! 

82-85 

No.  2  t'NEV.'tl’OIiATKD 

No.  2  EVAP0U.\TE1». 

Water  ... 

95‘i7 

22*90 

...  1 

Mineral  .Matter  (Phosphates) 

0-32 

6-52 

4-80 

6-23  1 

;  I’roteids 

o-8o 

16-56 

12-71 

i6-d9  ‘ 

i  Dextrin 

o-6o 

12-36 

13-66 

17-72 

'  Sucrose 

0-45 

9-31 

4-79 

6*21 

.Maltose 

0*21 

4*20 

2-69 

3-48 

i  Dextrose  and  LKVulose 

2 '4.3 

51-05 

38  45 

49-87  ' 

100*00 

100*00 

100*00 

1 00  -00  ! 

1  Cuprous  Oxide,  Cu.^O,  from  too  grams.  ... 

1  Reducing  Sugars,  calculated  entirely  as  Dex- 

5-.I 

106-43 

79-49 

103-10  , 

trose  and  Lojvulose 

2-57 

53-66 

40  -08 

51-99  ! 

No.  3  rNEVAPoUATED 

No.  3  EV.U-or.ATKIi 

Water  ... 

87-83 

I  I  *20 

i 

...  1 

Mineral  Matter  (Phosphates) 

0-17 

I  *40 

I'll 

1  -24 

Proteids 

0-44 

3-61 

3-37 

3-79 

Dextrin 

2-44 

20*03 

17-40 

19-60 

Sucrose 

Absent 

Absent 

Absent 

Absent 

Maltose 

8-82 

72-45 

66-06 

74-40 

Dextrose  and  Lx'vulose 

0-30 

2-51 

0-86 

0-97 

i 

100-00 

100*00 

100-00 

100-00 

j  Cuprous  (Jxide,  Cu„(J,  from  too  grams.  ... 

11-52 

94-67 

83-5 

1 

94 ’03 

1  Reducing  Sugars,  calculated  as  Maltose  ... 

9-31 

76-48 

67-44 

i  75-94 

j 

MONTOO.-'IEIUE'.S 

Skco.nii  ('ommkuciae 

1 

Extuact. 

Extuact. 

■\Vliolii 

■\Vhole 

Dried 

Extract. 

Bolitin. 

Extract. 

Solids. 

1  Water  ... 

22-23 

27-64 

... 

1  Mineral  Matter  (Phosphates) 

I  ‘lO 

1-42 

•40 

1-93 

I’roteids 

3-01 

3-88 

4-74 

6-55 

Dextrin 

12-90 

16-59 

5-80 

8-02 

Sucrose 

3-59 

54-84 

4-61 

t  -92 

2-66 

Maltose 

70-51 

53-65 

74-14 

Dextrose  and  Lievulose 

2-33 

2-99 

4-85 

6-70 

1 00  *00 

100  *00 

1  100*00 

loo  -00 

Cuprous  Oxide,  Cu._,(J,  from  too  grams.  ... 

72-5 

93-22 

80-0 

1 10-5 

Reducing  Sugars,  calculated  as  Maltose  ... 

58-55 

75-28 

64-61 

89-29 

Ill 
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II.  Malied  Bread.  This  was  similar  to  tlie  plain,  (“.xcapt  that  malt 
(‘.xtract  was  added,  at  the  doughing  stage,  in  the  same 
])rt)portion  as  in  Nos.  I  1 1.  and  J  V. 

111.  Montgomerid s  Patent  Jhxad. — This  was  inad(‘  according  to  Mont¬ 
gomerie’s  patent,  the  essential  jioint  l)eing  that  a  j)ortion  of 
the  flour  is  sepai’ately  treated  with  malt  (‘xtract  and  water, 
and  mashed  together  at  a  tempeiature  hi‘tween  I.'IU"  and 
150°  F.  for  a  fe\\'  liours  as  a  preliminai  y  operation  to  its  being 
mixed  with  the  I'cmaining  flour  and  otlu'r  ingredients  at  the 
doughing  stage. 

IN’,  .-llternative  dMashing  Process  Bread. — In  this  method,  the  flour  for 
the  “mash”  is  mi\ed  with  water  aiul  gelatinised  by  raising 
its  t(*mperature  to  11)1)°  F.  It  is  then  cooled  and  malt  (‘xtract 
added,  the  mixture  being  maintained  at  about  lGo°  I'\  for 
ab()ut  GO  to  -15  minutes.  The  mash  pre})ared  in  this  manner 
is  then  adchal  to  the  other  ingredients  j)reeisely  as  in  No.  1 II. 

The  follosving  are  the  results  of  experiment  on  the  “  mash  ”  in 
Nos.  111.  and  iV.  :  — 

Quantities  'Taken. 

Xi).  Itl.  Flour  2  Ih.s.  =  eor'llgninis  X^o.  I\’.  Floui- 2  llis.  —  907 '2  grani.s 
,,  Water  2  ll'.s.  =i;3t;0'S  j  ,,  Water()ll)s.81oz.  =  29.7.'»'.')  ,, 

.,  Malt  Ivxtract  1  11).  =  l.’i'') "0  ,.  '  ,,  Alalt  Flxti'act  1  lb.  =  t.33 "(i  ,, 

These  wc're  inaslu'd  as  described.  The  larger  ([uantity  of  water  was 
necessary  in  the  second  case  Ix'cau.se  of  the  starch  Ixdng  gelatinised.  It 
will  bt‘  noticed  tliat  tin*  essential  point  of  distinction  between  Nos.  Til. 
and  I  N^.  is  that  in  the  former  the  mashing  temi)erature  is  below  that  of 
starch  gelatinisation,  and  at  tlu‘  optimum  for  diastasic  action  ;  while  in 
the  latter  t  he  starch  is  gelatinised,  and  mashing  conducted  at  a  tempera- 
tur(‘  at  which  diastase  is  much  weakened,  being  near  that  at  which  it  is 
absolutely  destroyed.  The  composition  of  the  solids  in  tin*  mash,  at 
the  end  of  the  ti'eatment,  was  in  each  case  ascertained  l)y  analysis.  A 
mash  pr(‘pared  by  Montgomerie,  on  the  manufactuiing  scale,  from 
similar  proportions,  was  al.so  .sul)jected  to  analysis.  The  following  are 
the  results  in  percentages  : 


COMFOSITION  OF  SOLIDS  OF  .MALT  FXTKACT  AND  FLOUIt  MASlIIvS. 


No. 

Ill 

No.  IV. 

Liilicji’iitiiiy 

-Maiiiifat-tui  ill;; 

I.alau'iitory 

tauiiitities. 

Oimntities. 

Quantities. 

1 

I’ndissolveil  Mattc'r  ... 

GS-I.t 

(r7U 

7-07 

'Petal  Maltos(‘  ... 

■1S-7U 

tUi-UO 

.bii-SS 

Nett  .Mai tost*  ... 

“S-7U 

ItbOU 

GlbSS  I 

'I'otal  Dexti'in  ... 

1  1  -ss 

•J  1  ■.IS 

■J'.l'lG  } 

Nett  Dextrin  ... 

s-.j.') 

IS-Gf) 

•jtbuy 

'Petal  predigesled  Starch,  being 

iKstt  .Maltost*,  plus  nett  Di'xtrin 

G7-ilo 

tlTGo 

(;2-i)7 

Other  dissolved  Solids 

0'J7 

.b-71 

G-G2  1 
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'riu!  nott  maltose  and  (l(^\triu  are  simjily  the  total  (|aanlities,  less  a 
^leduction  made  for  maltose  and  dextrin  iiitrodueed  in  the  (‘xlract,  fiom 
the  ifeneral  eomposition  of  which  the  amount  to  be  deducted  was 
■calculat(Hl.  Jt  will  be  noticed  that  in  No  111.  when  manufacturiiii’- 
([uantities  were  employed,  and  prol>ably  a.  longer  mashing,  a  much 
higher  proportion  of  the  Hour  was  predigested.  In  No.  111.,  the  liltered 
soluble  portion  of  the  mash  contained  neitlau’  starch  nor  amylo  dextrins, 
the  jirojiortions  of  (h'xtrin  and  maltose  being  as  nearly  as  jxrssible  1  to  4. 
In  No.  IV.,  the  tilteixal  soluble  portion  contained  traces  of  stai'ch  and 
large  (juantities  of  unstable  amylo-dextrins  :  tin;  proportions  of  dextrin 
and  maltose  were  approximattdy  1  to  '2. 

Bearing  in  mind  the  i'a})idity  with  which  diastase  acts  on  gelatinised 
starch,  a  moditication  of  No.  IV.  mash  was  madi^  in  the  following 
manner.  The  ge]atini.sed  ilour  solution  was  cooled  to  150°  F.,  and  then 
the  cold  malt  extract  add('d  and  thoroughly  stirred  in  - the  temperature 
fell  to  140°  F.  The  mixture  was  then  heated  as  rapidly  as  possible  by 
means  of  a  boiling  water  bath,  and  reached  150°  F.  in  between  two  and 
three  minutes.  Half  the  mixture  was  then  removed,  and  dextiin  and 
maltose  at  once  detetanineil  :  the  I’cmainder  was  then  raised  to  1G5°  F. 
and  maintained  at  that  temperature  for  50  minutes,  after  which  de.xtrin 
and  maltose  were  determined,  with  the  following  ix'sults,  which  an* 
ex])ressed  in  each  case  t)n  the  filtered  solution  :  — 

First  lialt  taken  at  150'  F.  Secmid  lialf  after  niashiiig  at  105  F'. 

Dextrin,  9  15(1  grams  per  lOO  ixc.  ...  1  DIOS  grams  j)er  100  c.c. 

51altose,  9'309  ,,  ...  9-5GS  ,, 

Practically,  therefore,  almost  the  whole  of  the  conversion  occurs 
below  150°  F.,  ;ind  within  the  first  two  or  threi;  minutes  after  the 
addition  of  the  extract. 

In  the  next  place,  l»read  w:is  lu'epjirt'd  fi-oni  the  mashes  made  by  the 
two  processes. 


PUANTITIKS  TAKUN. 

No.  HI.  .Mash  prepareil  as 
ileserihed,  weight  0  lies  15i  oz. 

Solids  of  -Mash,  2  11  is.  7.’,  oz. 

Witter  of  iMiish,  4  ,,  S 

I'ermented  Sponge,  7  ,,  0  ,, 

.  7  „  0  „ 

.  „ 


Bough,  ...  51  llis.  21  oz. 

Bilked  Bread,  iibout  19  55  11  is. 


■N'o.  1  Mash  [irepared  its 
deserihed,  weight!!  Ihs.  1]  uz. 

5  lbs.  7.',  OZ. 

'i  „  n  „ 

7  „  0 

10  „  0  „ 

•  ) 


5G  lbs  1 1  oz. 
54-01  lbs. 


The  following  determiiiiitions  were  then  made  on  the  bread  :  - 
moisture,  niiitter  dissolved  by  treatment  with  Witter  iit  515°  1-'.  for  two 
liours  (mixture  lieing  repeatedly  shiiken  during  lhat  time)  ;  idso  sfiirch, 
dextrin,  iind  iiiiiltose,  (“ach  by  direct  estiniiition  in  the  filtered  soluble 
extnict  pi-epitred  its  just  de.scribed. 


TIIK  SCIICNCK  AND  ART  OF  I!KEAI)-MAKIN(;. 


4  Hi 


FFRCKNTAOF  ( VIM I'OSITIOX  f)F  RUFADH. 


No.  III. 

No.  IV. 

Moisture', 

;58-98 

39-19 

Vndissolveel  solid  mattt'r. 

lO-h? 

4G-39 

Dissolved  mattei'  by  direct  weighing,... 

■J0-4.G 

14-.b3 

1)1  filtered  soluble  extract. 

Starch,  by  direct  estimation,  ... 

S-Ob 

G-08 

Maltose,  ,, 

G-9il 

b-Gf) 

De.xtrin,  ,, 

7-11 

4-70 

L’ll-OS 

lG-13 

Nett  INIaltose,  ... 

;5-40 

1  -83 

In  eacli  case  there  was  an  ahsence  of  auiylo-dextrius.  In  No.  III. 
tlie  proportions  of  dextrin  and  maltose  were  approximately  as  I  to  1, 
tlie  dextrin  heing  in  slight  excess  ;  in  No.  IV.,  as  1  to  I'll,  the  maltose 
l)(*ing  in  slight  e.xcess.  In  both  cases  tlu'  sum  of  the  three  direct 
estimations  of  starch,  dextrin,  and  maltose  exceeds  that  of  the  total 
dissolved  matter  hy  direct  weighing  by  1-G.'?  and  I'Gl  respectively  :  this 
is  doubtless  due  to  the  fact  that  the  sugai-  is  not  wholly  maltose,  but  is 
])artly  glucose,  produced  by  the  inverting  action  of  the  yeast  and  the 
malt  extract.  Although  No.  IV.  process  yields  more  dextiln  and 
amylo-dextrins  in  the  mash,  yet  there  is  less  in  the  finished  bread,  as 
these  latter  bodies  are  converted  into  maltose  and  dextrin  by  the  side 
sequent  diastasic  action  which  proceeds  in  tlie  fermenting  dough.  The 
tigun*  in  the  above  table  called  nett  maltose  is  tlie  total  maltose,  less 
that  calculated  as  due  to  that  naturally  present  in  bread,  and  introduced 
with  the  extract. 

In  the  next  place  a  series  of  experiments  were  made  by  the  author 
in  conjunction  with  Goodfellow,  in  which  bread  was  prepared  liy  pro¬ 
cesses  Nos.  I.,  II.,  and  III.  The  quantities  and  methods  of  manipula¬ 
tion  adopted  were  the  same  as  in  the  preceding  e.xperiments,  e.xcept 
that  in  Nos.  II.  and  III.  double  the  amount  of  malt  e.xtract  was  taken. 
Some  biscuits  wei’C  also  made,  in  which  the  same  (luantity  of  malt 
extract  was  introduced  in  each  case  ;  in  one,  simply  as  a  condiment,  as 
in  No.  II.  process  ;  and  in  the  other,  after  mashing  with  a  poi’tion  of 
the  Hour,  as  was  done  in  No.  III.  The  following  are  the  results  of 
analysis  : — • 

ANALYSES  OF  RREADS  AND  lU.SCUFrS. 


BllK.VDS. 

BiscriTs. 

No.  I. 
riaiii. 

No.  11. 
-Malt. 

No.  UI. 

Moiil- 

goiiiurie. 

No.  11. 
.Malt. 

No.  HI. 

■Mont¬ 

gomerie. 

Maltose 

I  *02 

9-11 

14-23 

8-61 

1 8 -46 

Nell  Maltose 

2-o6 

7-18 

0-00 

8-46 

Total  Soluhle  Matter 

3‘35 

18-50 

36-24 

lS-70 

31-60 

Soluble  Matter,  not  .Maltose 

2*33 

9 '39 

22-01 

10-09 

13-14 

Nett  Soluhle  Matter,  not  Maltose 

... 

7-03 

19-68 
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X(‘tt  iDiiltose  is  in  (‘ach  case  tliat  ('stiinatcd  to  Ik'  j)ro(liic(Hl  l)y  diastasic 
action,  aftci’  allowanco  for  that  noi'inally  present  in  plain  l)read,  and 
introduced  in  tin*  extract. 

There  is  abundant  evidence,  tlirougliout  tlie  whole  of  these  exi)ei'i- 
inents,  of  malt  exti-act  thus  used  producing  a  considerable  ([uantity  of 
maltose  over  and  above  that  introduced  by  the  extract  itself.  It  was 
])rincipally  for  the  purpose  of  measuring  this  effect  that  the  preceding 
exp(>riments  were  made. 

503.  Montgomerie’s  Patent. — As  previously  explaijied,  the 
essence  of  this  patent  is  the  preliminary  mashing  together  of  a  poi'tion 
of  the  ffour  to  be  u.sed  with  the  malt  extract,  at  a  temperature  of 
140  — 150°  F.  for  some  hours,  .so  as  to  convert  a  sufficiency  of  the  starch 
into  dextrin  and  maltose.  This  special  mixture  is  then  added  to  the 
remainder  of  the  ffour  and  <jther  ingredients  employed  in  making 
bread,  biscuits,  or  other  articles.  In  the  working  of  the  2)ateut  for 
commercial  2)ur2)oses,  other  substances  are  also  einjiloyed  which  greatl}’ 
increase  the  palatability  of  the  articles  produced.  Subjoined  are  an¬ 
alyses  of  bread,  biscuits,  and  rusks  so  made,  which  by  direction  of  the 
author  were  2)urchased  for  him  at  Messrs.  iNIontgomerie  Co.’s  place 
of  business.  All  of  these  are  excellent  in  flavour,  and  characterised  by 
great  digestibility. 


ANALYSES  OF  MOXTGOMERIE’s  BREAD,  BISCUITS,  AND  RUSKS. 


Bur 

All. 

Bi.scnTs. 

Rusks. 

Whole. 

Dried. 

Moisture 

38-60 

4*20 

6-90 

I’roteids,  Insoluble  ... 

7-85 

12-79 

10*19 

10-54 

,,  Soluble 

0-74 

I  *20 

1-24 

I  -06 

.Starch,  &c.,  unclissolved 

39 ’4^ 

64-28 

67-03 

60  -42 

Maltose 

6-22 

10-13 

6-86 

14-22 

Soluble  Matterotherthan  I’roteidand  .Maltose 

5’56 

n-o6 

8-96 

6-06 

Phosphoric  ^\.cid,  Ib.fJs 

0-44 

0-73 

0-82 

0-38 

Other  Mineral  ^Iatter 

I  *11 

I  ’Si 

0-70 

0*42 

-Montgomerie’s  extract  of  malt  is  also  well  adapted  for  emjiloyment 
as  an  adjunct  in  ordinary  bread-making  of)erations  :  as  such  it  jiosse.sses 
yeast  stimulating  properties,  and  at  the  same  time  confi'rs  a  distinct 
malt  flavour. 

504.  Further  Experiments  on  Diastasic  Action. — In 

order  to  study  more  closely  the  exact  effects  jn-oduced  in  bread-making 
by  the  action  of  diastase,  the  following  experiments  were  made  : — 
Diastase  was  first  extracted  from  malt  by  Lintner’s  proci'ss  of  treating 
the  ground  malt  in  the  cold  for  twelve  hours  with  20  jx'r  cent,  alcohol  : 
this  was  liltm’ed  off’  and  jirecij^itatc'd  with  concentrat(*d  alcohol.  The 
preci])itate  was  collected  on  a  filter,  washed  first  with  absolute  alcohol, 
then  with  ether,  and  dried  over  suljjhuric  acid  in  vacuo.  This  prej)ara- 
tion  is  termed  malt  diastase.  l''rom  a  sam{)le  of  low-gradi!  sjn-ing 
American  flour,  flour  diastase'  was  iirejiarc'e!  in  a  jerecisely  similar 
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iiiiiiiiKM’.  From  m;ilt  a  t'rcsli  10  por  cent,  cold-water  infusion  was  j)re- 
pared  and  tilterc'd  ;  tliis  is  teiined  malt  infusion.  No.  +  preparation  is 
a  commei'cial  })roduct  sold  as  diastase,”  and  obtained  by  (svaporating 
a  cold-water  infusion  of  malt  to  the  consistency  of  a  syrup  in  vacuo. 
The  fifth  was  a  high-class  sample  of  carefully  ]>repared  and  guai-anteed 
pure  malt  extract. 

Their  diastasic  value  was  first  determined  by  Lintner’s  })rocess  on 
soluble  starch,  with  the  following  results;  • 

I)iiista.sic  value. 


No.  1.  Malt  Diasta.se, 
,,  Lh  Flour  Diastase, 
,,  d.  Malt  Infusion, 
„  4.  “  Diastase,” 

,,  o.  31  alt  Extract, 


■2f)6'6°  Lintner. 
228-5° 

15-6° 


222-2° 

3-1° 


>1 


It  was  decided  to  make  a  series  of  baking  tests  with  these  substances, 
taking  such  (juantities  as  w(juld  contain  tln-oughout  the  same  number 
of  units  of  diastasic  activity  ;  knowing  the  diastasic  value  of  each,  it 
becomes  a  matter  of  sinn)le  calculation  to  determine  what  (piantities 
must  be  taken  in  (n'der  to  attain  this  object.  Taking  the  malt  diastase 
as  a  standard,  the  amount  of  0125  gram  was  fixed  on  :  the  eijuivalent 
cjuantities  of  the  others  were  as  follows  : — 


No.  1.  31  alt  Diastase, 
,,  2.  Flour  Diastase, 

,,  3.  3Ialt  Infusion, 
,,  4.  “Diastase,”  .. 

,,  5.  31  alt  Extract, 


0-125  gram. 
0-145  „ 

21-3G  c.c. 

0-153  gi-am. 
10-75  gi-ams. 


For  baking  tests  the  following  (piantities  were  taken  ;  — 

Flour,  erpial  (piantities  of  .Spring  American  and  English 

wheat  iiatmits,  ..  ..  ...  ...  ...  140  grams. 

Water,  in  which  was  included  solutions  of  the  eipiivalent 

(piantit}' of  each  diastasic  liody,  .. .  ...  ...  80  ,, 

Compressed  yeast,  ...  ...  ...  ...  ...  10  ,, 

In  OIK*  series  of  tests,  a,  the  diastasic  ingredient  was  in  its  normally 
active  state :  in  a  second  series,  /;,  precisely  similar  in  evi'ry  other 
respect,  lh(!  diastase  solution  was  first  jilaced  in  a  boiling  water  bath 
for  live  minutes  with  the  object  of  destroying  the  diastase,  and  subse- 
(piently  cooh-d  prior  to  mixing  it  in  with  the  flour  and  yeast.  A 
plain  loaf.  No.  0,  was  also  made  from  flour,  water,  and  yeast  only. 

'I'he  doughs  w('re  allowed  to  fernu'iit  at  a  moderate  temperature,  and 
the  following  obser\ati()ns  made  on  their  b(‘ing  ri'ady  to  go  into  the 
oven. 

No.  1.  Ditl'erence  between  a  and  h  very  marked  ;  a  slacki-r  and  more 
sticky. 

,,  2.  \'ei-y  slight  dill'erence,  if  any. 

,,  3.  (?,  slightly  sticky,  dill'erence  b('twe(*n  it  and  h  not  very  inarktHl. 

,,  1.  Clearly  marked  diirerenci*  bi'tween  a  and  h. 

,,  5  (?,  fairl}'  still',  not  sticky;  />,  tougher  than  n ;  both  brown 

in  colour  as  a  n'siilt  of  ]u-c“S('nce  of  t'xtracl. 

,,  1).  Flail!  loaf.  Compared  with  all  others,  still. 
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Tlio  loaves  wert'  baked  in  a  modeeate  oven  for  -f ')  luiimtes,  and  were  of 
b'obni-g  shajie,  giving  as  nineh  facility  for  ex2)ansion  and  foi-niation  of 
crust  as  j)Ossible. 

The  following  was  tin'  character  of  the  crust  : — 

2s o.  1.  (/  browner  than  b. 

,,  2so  diti'erence  between  ti  and  b  :  both  much  like  No.  6. 

,,  d.  ii  slightly  browner  than  b. 

„  4.  (I  slightly  browner  than  b. 

,,  •').  ])oth  full  brown  in  colour  of  sui'face,  and  dark  in  breaks  :  d 

browner  than  b. 

,,  G.  Plain  loaf. 

As  a  rul(‘  the  crusts  of  series  a  seemed  more  pliable  than  those  of  b. 
T'hroughout  the  whole  series,  with  the  e.\ce}ition  of  the.  No.  2’s,  there 
was  a  distinct  diti'erence  of  flavour  distinguishable  before  the  loaves 
were  cut.  ^ 

The  crumb  of  each  had  the  following  characters  :  — 

No.  1.  (tood  volume;  a  in  centre  sticky  and  gummy;  b,  better 
colmn-.  Flavour  in  both  decidedly  sweet,  but  far  more 
so  in  d. 

,,  2.  d,  oidy  slightly  sweeter  than  b  ;  b,  better  colour,  both  slightly 

darker  than  No.  6. 

,,  2.  d,  sweet  and  malty;  b,  ditto  in  le.ss  degree,  and  slightly  better 

in  colour. 

,,  4.  d  has  more  llavour  than  b,  and  is  also  very  slightly  better  in 

colour  than  b.  Duplicate  loaves  were  baked  with  No.  4 
to  st'e  if  the  colours  were  lelatively  the  same.  Found  b 
again  to  be  darker  than  d,  and  of  considerably  less 
volume. 

.,  b.  Both  d  and  b  were  brown,  with  very  .slight  dili'erence  in  colour. 

Flavoui'  of  b  distinctly  that  of  malt  e.xtract.  Flavour  of 
d  dili'ereiit,  being  that  of  malt  e.vtract  with  an  additional 
llavour  of  a  mon;  purely  sacchai'ine  character  (doubtless 
the  result  of  the  jjresence  of  sugars  of  convei'sion). 

,,  G.  ]^lain  loaf,  slightly  yeasty  in  llavour. 

A  poi'tion  of  each  samj)le  of  bread  was  taken,  dried  to  a  constant- 
weight  in  the  hot  water  oven,  limdy  powdered,  and  stored  in  stoppei'ed 
bottles.  A  soluble  e.xtract  was  ])rei)ar('d  from  each  in  the  following 
manner: — 10  grams  of  the  i)owder(*d  solids  were  taken  during  tht‘ 
afternoon,  mi.xed  with  100  c.c.  of  cold  watei’,  and  vigorously  shaken 
several  times  dui-ing  the  afternoon  and  evening.  They  were  tlnm 
allowcid  to  staml  overnight,  and  the  supernatant-licpiid  decanted  in  the 
morning,  without  disturbing  the  residue,  and  llltered.  A  portion  of 
this  was  evaporated  to  di'yjie.ss  for  soluble  exti'act,  and  the  maltose 
det(;rmined  in  another  j)ortion.  'I'ln'  following  ai’e  the  results  of 
analysis  exju'esst'd  in  ])ercentages  on  tln^  dried  solids  :  - 

‘  Tlii.s  is  a  Komowliiit  curious  iiistaiice  of  the  halccr's  use  of  tlje  term  “llavour’’; 
liakers  liahitually  e.xamiuc  bread  iu  the  first  instance  by  the  .swu//  of  a  loaf,  and  judi'e 
flavour  through  its  subtle  association  witli  smell.  Such  flavour  judgment  may  lie 
described  as  “  how  the  bread  tastes  to  the  nose.’’ 
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AXAIA'HKS  OF  DIAHTASF  HUFADS. 


-No. 

Variety. 

Solulile  F.xtraets. 

Maltose. 

a 

h 

a 

h 

n  h 

I 

Mall  Diastase 

2;-24 

S'04 

7 -‘^3 

2-90 

1 

4 '93  : 

2 

h'lour  Diastase 

10*40 

9-65 

I  -61 

I  '61 

000 

■> 

Malt  Infusion 

'775 

'0-55 

4 '44 

3 '63 

o'Si 

4 

“Diastase" 

9*20 

6*12 

2-5 

'•'3 

^  ‘37 

.S 

Malt  F.xtract 

1 6  04 

S76 

5-60 

3 ’“3 

-‘37 

6 

riain  Loaf  ... 

7 '60 

1  *61 

Ill  exiiiniiiiiig  these  results,  tlie  iirst  noticeable  point  is  that  in  No.  1, 
i>,  there  is  a  considerable  (juantity  of  iualto.se  over  that  in  No,  0.  Tlie 
same  is  particularly  observed  also  in  No.  .4  :  it  would  seem  tlierefore 
that  the  means  employed  in  order  to  destroy  the  diastase  were  not 
sutiicient.  As  No.  .'I  was  by  far  the  largest  amount  of  liquid  solution  of 
diastasic  ingredient  noted  on,  its  temperature  was  taken  at  the  end  of 
the  live  minutes  in  the  water-batli,  and  found  to  be  19S“  F  ;  at  the 
same  time  there  was  an  abundant  tlocculent  jirecipitate  of  coagulated 
proteids.  That  the  maltose  in  No.  3,  [\  is  the  highest  of  that  series  also 
points  to  insutlicient  heating,  for  the  otlier  solutions,  which  were  con¬ 
siderably  less  in  volume,  had  appai’cntly  much  more  of  their  diastasic 
action  de.stroyed.  That  a  solution  is  able  to  e.xert  diastasic  action  after 
.subjection  to  this  tenqierature  is  contrary  to  hitherto  recordi'd  obseina- 
tions  on  this  point. 

The  following  are  the  ajiproximate  percentages  of  maltose  in  (‘ach 
Ijread,  due  to  that  actually  added  in  the  extract  preparation  ; 


Diastase 

.Malt  Diastast' 

o-oo 

Flour 

(1-00 

IVIalt  Infu.sion 

(IdlS 

Diastase 

O-Ot^ 

.Malt  Extract 

b-ld 

In  the  last  case  the  maltose  thus  added  is  vmy  nearly  the  wliole  of 
that  found  in  No  n,  n,  and  more  tlian  in  No.  .b, />.  The  mode  of  extrac¬ 
tion  emplovt'd,  although  giving  strictly  compavative  rc'sults,  does  not 
howevcu-  remove,  the  whole  of  the  maltose  in  solution  from  the  .solids. 
Tlu'  V(‘sicular  nature  of  bread,  in  which  the  various  constituents  are 
locked  up  within  lilms  of  coagulat(‘d  ju'ottdd  matter,  makes  tlu'  (uitire 
(extraction  of  the  soluble  ingr(*dients  a  task  of  considerable  dilliculty  and 
uncertainty. ' 

'  Thu  iiliui  of  detui'iiiiniiig  solublo  u.xtraut  iii  dvkd  solids  is  no  doulit  responsible  for 
generally  low  figures.  Tlie  great  advantage  of  the  method  i.s  tliat  the  .solids  ean  be  kept 
in  an  unaltered  form  until  a  convenient  time  for  their  analysis  arrives.  'I'liis  is  obviously 
impossible  with  moist  lireads.  Recently  the  author  has,  in  the  alisence  of  enzymes 
(as  in  bread  analysis),  used  the  moditieation  of  direct  extraction  from  moist  bread, 
lie  then  simply  jilaces  the  bread  and  water  together  in  a  Hask,  adds  a  few  drops  of 
chloroform,  corks  and  shakos,  and  sets  aside  without  fear  of  change  ocenrriug  during 
an  inter\al  of  waiting.  Tliis  is  particularly  ap[ilieable  to  determinations  of  malto.se. 
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111  studying'  the  eoliiiiin  lii'aih'd  a — /),  wi'  have  uiidoiihtedly  maltose 
<hie  to  conversion  ot'  starcli,  tlioui^li  not  necessarily  the  ^vhole  of  such 
maltose.  Flour  diastase,  the  ([uantity  of  wliich  taken  had  an  e(|ual 
iliastasic  value  hy  Lintner's  method  on  soluhle  starch,  ell'ccts  no  con¬ 
version  whiitevcr.  So  also  the  malt  infusion  ed’ects  comjiaratively 
little  chaniti'.  It  will  bi'  riMuembcred  that  certain  forms  of  diastasis 
are  able  to  convert  starch  pasti*,  while  others  can  only  act  on  soluble 
-Starch  :  raw  ij;rain  diastase  belongs  to  the  latli'r  group,  and  hence, 
doubtless,  its  inability  to  convert  the  starch  of  (lour.  The  diastasic 
value  of  any  preparation  for  bn'ad-making  di'jiends  not  sim})ly  on  its 
activity  as  measured  on  soluble  starch  by  Lintner's  method,  but  on  its 
])ower  of  convi'rting  starch  pastig  and  even  tlie  imperfectly  gelatinised 
starch  occurring  in  bread. 

ANALYSIS  OF  FLETCIl KU’s  “  DTA.STASF.” 


Whele 

Extract. 

Dried 

solids. 

Water 

27 -go 

Minerat  Matter  ( I’liospliatcs)  ... 

3*3- 

4-60 

I’roteids  ... 

ij'4i 

1 8  -60 

Dc.xtrin  ... 

0*40 

8-88 

Sucrose  ... 

2*20 

3 ’05 

Alaltose  ... 

15-09 

20-93 

1  )e.\t rose  and  (..evulose 

31-68 

43 ’94 

100*00 

1 00  *00 

Cu|)rous  O.xide,  ('u..O,  from  too  grams 

Si  75 

I13'4 

(xerlucing  .Sugars,  calculated  as  De.xtrose  and  L.cvulose 

41-09 

56 '99 

505.  Fletcher’s  Diastase. — Under  this  name  is  sold  by  the 
Diastase  Uread  Improveunent  Co.,  of  4’J,  Castle  Street,  Liveri)ool,  a 
compound  consisting  esstnitially  of  the  concentrated  cold-wat(*r  (*xtract 
of  malt,  so  prepared  as  to  retain  the  diastasic  activity  of  malt  in  the 
highest  possible  degi-ee.  Various  samples  e.xamined  by  the  author  have 
given  a  diastasic  ciip)acity  on  Lintner’s  scale  varying  from  about  2:10“ 
in  the  lowest  to  considei'ably  over  ilOO'’  in  the  higlucst.  The  efl'cct  of 
this  body  on  bread  made  thei'(“from  is  exjilained  in  tin;  preceding  jjara- 
graph  :  it  may  be  taken  that  this  pi'cparation,  although  not  j)ossessing 
so  high  a  convei’ting  ])owei'  in  bread  making  operations  as  apparently 
i)idlcated  by  Jantner’s  tests,  still  is  remarkably  active  in  this  direction. 
The  addition  of  a  small  (piantity  to  the  bread  at  the  dough  stag** 
suCiices  foi-  the  conversion  of  a  very  marked  amount  of  staridi  into 
d(;xti-in  and  maltose,  thus  conferi  ing  both  moistness  and  sweetness  on 
the  brc'ad.  It  also  exerts  a  considerable  action  on  thi'  protcids  of 
(lour,  ju’oducing  a  softening  and  peptoinsing  (‘ll'cct  on  the*  gluten.  In 
the  case  wliei'C  sti'ong,  harsh,  and  dry  Hours  are  in  usi',  the-  result  is  to 
make  the  ri^sultant  lui'ad  ap])roach  far  more  idoscly  in  character  to 
that  made  from  softer  and  swei>ter  (lours.  <  )ne  word  of  caution  may 
be  hei'(‘  introduced  as  to  th(‘  employnuMit  of  “diastase”;  this  juopara- 
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tioii  is  so  ener^'etic  iis  to  bo  oapalile  of  canyiiiif  too  far  tlio  changes  in 
starcli  and  other  tiour  ingredients,  and  thus  yielding  a  wait,  clainniy  loaf. 
Tlie  obvious  remedy  is  to  enijdoy  the  substance  in  less  jirfjportion. 
The  precise  amount  is  easily  determined  by  a  very  few  trials.  Tn 
addition  to  its  diastasic  action  this  body  is,  owing  to  its  high  propoi- 
tion  of  proteids  and  phosphates,  an  energetic  yeast  food.  On  page  4‘2I 
is  an  analysis  made  by  tin*  author  of  a  sainph'  of  “  diastasi'.” 

506.  Manchester  Chemical  Co.’s  Diastasic  Super-Malt 

Extract. — This  preparation  is  a  compound  extract,  containing,  in 
addition  to  malt,  other  ingredients  of  value  for  baking  purposes.  It  is 
characterised  by  an  exceedingh^  lu  ight  tint,  and  has  little  or  no  darkening- 
eti'ect  on  the  colour  of  bread.  The  saccharine  constituents  and  pei-- 
centage  of  phosphati's  pi-i'sent  cause  this  body  to  act  as  a  yeast  stimulant. 
It  may  be  emjjloyed  either  in  the  preparation  of  a  fermmit,  wlnm  it 
forms  a  substitute  for  potatoes,  or  may  be  added  at  (nth(‘r  the  s])ongc 
or  dough  stage.  During  the  act  of  baking  this  extract  exerts  decided 
diastasic  eli'ect.s,  increasing  the  ([uantity  of  (h'xtrin  and  maltose  in  the 
bread.  An  essential  feature  in  its  preparation  is  th(‘  addition  of  certain 
absolutely  harmless  antiseptic  bodies  ;  these  retard  the  growth  and 
(levelopnamt  of  lactic  and  other  foreign  fernamt  organisms,  and  .s(v 
lender  the  bread  much  less  liable  to  sourness  or  mouldiness  on  keeping. 
These  projierties  of  this  extract  have  been  veritii'd  l>y  a  numlxu-  of 
baking  t(*sts  and  after-analysis  of  the  bread. 

The  Manchester  Chemical  C'om]>an3' also  supplies  another  preparation 
possessing  diastasic  ])roperties.  This  consists  of  diastase  from  malt  in 
a  comj)aratively  isolated  form,  which  is  cai’efully  dried,  and  sold  as 
“  Desiccated  Diastase  Powder,”  being  recommended  for  use  in  tlu'  same 
manner  as  their  malt  extract.  To  this  preparation  is  added  a  small 
(|uantity  of  hx'drotluoric  acid;  this  compound,  as  (>\]ilained  in  tlu' 
(‘arli(‘r  ]iart  of  this  work',  jiossesses  marked  inhibitoiy  (‘tli'cts  on  bacterial 
life  and  development,  and  conseciuently  is  Ixung  somewhat  (‘xtensivelv 
used  as  a  yeast  ch'anser.  A  ix'sult  of  its  presence  should  be  the  diminu¬ 
tion  of  foreign  organisms  in  the  bakers’  ferments  and  sponges.  Doubt¬ 
less  its  employment  ly  bakm's  who  ])r('pare  their  own  patent  veasts 
would  cause  these  to  bcmoiiu'  nuu  h  ])urer  _v<‘ast  gi’owths.  A  small  pro 
portion  of  it  might  Ix'  emphyed,  mixed  in  with  the  malt  and  mashed 
with  it  in  the  ordinary  manneix  “Desiccated  Diastase'  Powder  ’  has 
an  eiH'ige'tic  action  on  stai'ch,  and  wlu'n  usi'd  in  bread-making  cau.si's 
an  increase  in  the  jiei-centagi'  of  dextrin  and  maltosi'  pre.sent,  at  the 
same  time  im]iarting  to  tiu'  bread  a  full  malt  llavour. 
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CHAPTER  XVI  IT. 

BAKEHOUSE  DEST(;N. 

507.  Selection  of  Site.  —  Tn  selecting  tlie  site  for  a  hakeiy, 
one  of  the  tirst  things  is  to  decide  on  its  connnercial  snital)ility  ;  thu.s, 
a  jn’actical  t)aker  would  at  once  see  wlietlier  or  not  a  neighl)ourli()od 
looked  as  tliough  it  were  growing  and  improving,  or  tlie  reverse; 
whetlier  it  was  already  overstocked  witii  bakeries,  or  wlietlier  there 
were  still  openings  ;  whether  full  ])rices  were  lieing  obtained,  or  whetliei 
tlie  locality  w^as  an  undercutting  one.  The  natuie  of  the  roads, 
whether  hilly  or  level,  and  all  items  hearing  on  the  cost  of  getting  Hour 
into  the  bakehouse  and  delivm-ing  of  bread  from  the  bakehouse,  would 
b(‘  duly  noted,  and  the  jiroper  weight  given  to  them  in  forming  a 
judgment  as  to  tlie  suitability  of  the  spot.  All  these  may  fairly  be 
termed  commercial  aspects  of  the  (|uestion  ;  but  beyond  these  there  are 
considerations  which  are  more  intimately  associated  with  the  practical 
necessities  of  bnsid-making. 

Among  these  a  leading  jilace  must  be  given  to  the  degree  of  fresh  air 
obtainable,  and  general  hygienic  surroundings.  The  situations  best 
ada2)t(‘d  for  se//i>ii;  bread  an*  rarely  those  also  best  suited  for  uiakin^^ 
the  same.  A  good  shop  will  be  naturally  whei'e  rents  rule  high  and 
jiroperty  is  valuable  ;  in  consequence,  baking  ojierations  are  frequently 
conducti'd  in  a  far  too  limitial  sjiace  for  efficient  and  healthy  working. 
It  is  an  open  secnd  that  many  of  the  best  bakers’  slnqis  in  busy  towns 
ai'e  attached  to  lamentably  inadeipiate  bakehouse  accommodation.  As 
a  result  of  this,  the  system  of  having  bakerii's  in  more  thiidy  jiojiulatc'd 
districts,  where  there  is  breathing  sjiace,  and  using  the  shops  as  selling 
{ilaces  only,  is  being  more  and  moi'e  adojited.  With  large  firms  having 
abundance  of  ca2)ital  this  is  compai'atively  (‘asily  managetl,  but  in  the 
case  of  smaller  concerns  great(M'  ditficulty  exists.  Hut  (“xcept  where 
goofl  bakehouses,  readily  fulfilling  all  reasonabh*  sanitary  conditions, 
exist,  it  is  seraous  mattei’  for  consideration  wlu^ther  the  liaktdiouse 
should  not  be  altogether  distinct  from  tlu*  shoj).  Howeveu’  crowded  a 
locality,  there  may  gemu’ally  be  found  at  a  not  unworkabh'  distanci*  a 
site  where  a  bakehouse,  j)ure  and  sinqale,  may  bi*  eiawted.  The  bnaul 
rounds  may  be  served  direct  from  wdau’c  the  bi-ead  is  baked,  and  only 
those  goods  brought  to  the  shop  which  are  re(|uisite  for  a  comiter  tradta 
J  he  difficulty  is  that  this  imsins  two  j)laci!S  to  b(>  siqwua  ised  instead  of 
one,  but  ev(‘n  when  under  the  same  I'oof  tlu'  bakehouse'  is  absolutc'ly 
distinct  from  the  shop.  With  the  adve'nt  of  tlu'  telephone,  busiiu'ss 
coiiuminication  between  the;  two  is  such  that  orders  ami  message's  may 
be*  rejielily  transmitte*el.  (Ji'ante*el  that  arrange'me'uts  eef  this  kinel  me'an 
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cxti-ii  oxpciisc,  still,  in  the  matter  of  hygienic  l■e(|uirelnents  the  public 
is  master,  and  will  insist,  in  no  uncertaiji  tones,  on  bread-making  Ijeing 
cai’ried  on  under  satisfactory  sanitary  conditions. 

There  is  no  doubt  that  a  bakery  on  the  ground  floor  has  a  far  Ijettei' 
chance;  than  one;  situated  undc'r  ground.  No  one  more  thoroughly 
recognises  than  tlie  authoi’  the  dithculties,  in  nuiny  cases,  of  finding  in 
old  bakers’  shops  accommodation  for  the  bakehouse  other  than  leelow 
the  shop,  and  also  that  many  bakeries  exist  leelow  the  .street  level,  and 
are  yet  clean  and  lu'althy  ;  but  it  is  in  spite  of  their  situation,  and  not 
b(>cause  of  it,  that  tlu;y  are  thus  clean.  To  keep  them  so  reejuires  far 
more*  ('ftbrt  and  attention  than  when  they  are  al)ove  ground.  When  a 
new  building  is  being  erected,  it  ma}’  frecjuently  be  an  advantage  to 
have  a  sloj>ing  site,  thus  permitting  two  appi-oaches  on  diflerent  floor 
levels;  this,  however,  is  not  often  obtainalile.  It  may  further  mean 
that  the  district  is  hilly,  and  so  diflicult  for  the  deliveiy  of  bread.  The 
site  should  be  diy  and  well-drained  ;  also  well-ventilated,  but  sheltered 
so  far  as  possible  from  (‘xposure  to  cold  winds,  es})ecially  on  the  north 
and  east  sides.  The  top  of  a  hill  has  advantages  over  the  bottom  for 
the  delivery  of  bread,  inasmuch  as  the  full  vans  have  a  down  hill 
journey. 

608.  Requirements  in  the  Building. — These  will  he  l)est 

grouped  under  \  arious  headings,  each  of  which  will  be  considered  in 
turn. 

509.  Sanitation.  -Among  reejuirements,  tho.se  of  mo.st  vital  im¬ 
portance  are  demanded  for  sanitaiy  purj)oses.  The  various  Factory 
Acts  lay  down  a  minimum  in  this  direction  which  by  law  is  made 
compulsoi-y.  It  will  be  well  here  to  examine  these  somewhat  in  detail, 
so  fai-  at  least  as  they  atlect  the  cpiestion  of  actual  design  as  distinguished 
from  precautions  in  aftei'  use  of  the  bakeny. 

It  is  first  of  all  I'cajuired  that — 

“  (i. )  No  water  closet,  eartli  closet,  I'rivy,  or  ash  })it  may  he  within,  or  communicate 
directly  with,  the  hakehouse. 

“(ii.)  Any  ci.stern  for  supplying  water  to  the  bakehouse  must  he  separate  and 
distinct  from  any  cistern  for  supplying  water  to  a  water  closet. 

"(iii.)  No  drain  or  pipe  for  carrying  off  fiecal  matter  or  sewage  water  may  have  an 
opening  within  the  hakehon.se.” 

'To  fulfil  the  first  of  these  conditions  closets  are  jireferably  ('rected  in 
an  ojien  yard  wher<“  an  air  ,s})ace  intervenes  between  tluunand  the  bakery. 
Ihit  while  theoretically  it  may  be  good  designing  to  jdace  closets  and 
urinals  completely  away  from  the  bakehouse,  with  a  good  spac(‘  between, 
we  an;  met  by  tlu-  practical  dilliculty  that  bakius  work  in  a  warm 
atmosph(M(',  and  lind  it  dangerous  to  freidy  c'xpose  tlu'insehes  suddenly 
to  till-  cold.  If  such  accommodation  be  provideil  too  far  away,  there  is 
the  danger  of  a  nuisance'  being  create.-d  by  tin*  im])roi)('r  u.se  of  some 
other  part  of  the  bakery  and  its  surroundings.  A  very  good  arrange¬ 
ment  is  that  in  which  a  door  opens,  jiref('ral)ly  from  the  stokehole  or 
some  similar  jeart  of  the  building,  into  a  small  yard,  with  a  passage 
inteiwening  between  1  he  close'ts  and  t  lu' bakehou.se.  l>y  a  )>r(>per  system 
of  roofing,  free  v’entilation  is  seeaired,  while  protection  is  all'ordi'd  from 
rain  and  cold. 
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Ill  some  nt'  tlin  best  litted  bakeries,  <lressin_<;-rooiiis  an'  jimvidial  for 
lilt'  workmen,  and  mil  of  thesi'  leatl  lavatories  and  closets,  witli  ndecjiiate 
ventilating  jirovisions,  so  that  a  currmit  of  air  leads  from  the  bakeiy 
toward  the  la\atories,  and  thus  out  of  the  building. 

The  seeond  eoiulition,  which  applies  to  the  water  supping  is  one  (‘asily 
arranged  for.  ^\s  a  eontigency  against  aceidmits,  bakerii's  should  possess 
a  water  cistern  holding  at  least  one  day’s  supply.  To  this  the  draw  oil 
for  bakehouse  use  may  be  atli.xed  diri'ct,  but  closets  should  be  supplied 
with  an  intervening  cistern,  such  as  the  ball-cock  Hush  cistern  now  .seen 
as  an  almost  universal  accompaniment  to  the  closet. 

The  third  rt‘(|iiir('nient,  as  to  drains,  is  also  a  inatti'r  the  necessity  of 
which  is  self-evident.  It  follows  from  it  that,  whether  trajiped  or  not, 
there  should  be  no  direct  drain  coinmunication  with  the  sewers.  All 
drains  within  the  bakehouse  should  be  carried  out  by  nn'ans  of  as  short 
and  straight  a  pipe  as  possible  into  the  oj)en,  and  there  allowed  to  poui' 
into  a  trapped  outside  drain.  It  is  not  ad^■isable  even  to  place  a  trap 
in  this  short  length  of  drain  ;  for  wet  Hour  and  dough  .so  quickly  undergo 
]>utrefaction,  that  no  lodgmmit  .should  be  permitted  for  them  by  even 
the  simplest  of  traps. 

Following  on  the  conditions  already  quoted,  the  Factory  Acts  proceed 
to  enact  that — 

“  Xo  room  or  j)lace  may  be  used  a.s  a  bakeliouse  if,  on  sanitary  grounds,  it  is  unfit 
for  such  a  purpose.’’ 

Further, 

“  Tl)e  V)akehouse  is  to  V)e  kept  free  from  effluvia  from  drain,  privy,  or  other 
nuisance  :  not  to  ha  over-crowded,  and  to  be  ventilated  so  as  to  render  harmless  any 
gases,  dust,  &c.,  that  may  be  generated  in  cour.se  of  manufacturing  processes.  Tn 
case  of  inj\n’ious  dust  the  Inspector  may  recpiire  fan  to  be  used.” 

The  ne.xt  I'ule  of  the  Factory  Act  is  one  treating  of  cjuite  a  different 
matter — 

“  A  jilace  on  the  .same  level  with  the  Viakehintse,  and  forming  ])art  of  the  same 
building,  may  not  be  used  as  a  .slee])ing  place,  imless  it  is  cffectnallj'  separated  from 
the  bakeliouse  bj’  a  partition  extending  from  the  floor  to  the  ceiling,  and  unless  it  has 
an  external  gla/.ed  window  of  at  least  nine  superficial  feet  in  area,  of  which  at  least 
four  and  a  half  suiierficial  feet  are  made  to  open  for  \  entilation.” 

This  applies  to  a  condition  of  thitigs  now  but  rarely  mot  with  :  fur 
though  bakers’ apprentic(‘S  of  the  jiast  may  have  had,  in  smue  instances, 
to  make  a  bed  of  ii  sack  in  the  bakerciom  itself,  yet  now,  with  the  dis- 
appeaiance  of  the  system  it.self  of  ajqirenticeship,  its  abuses  by 
unscrujadous  masters  will  have  disajijieai-ed  with  it. 

510.  SafGty.  --Still  following  the  liiu's  of  the  Ibictory  Act,  the 
next  (juestion  is  that  of  safety  ;  and  here  again  very  explicit  instruc¬ 
tions  an^  given  for  the  baker’s  guidance  : — 

“  Every  hoist  or  tcagle,  and  every  Hy-wheel  directly  connected  with  the  ste.am  or 
other  meclianical  jiower,  whether  in  the  engine  room  or  not,  and  every  part  of  a 
steam  engine  and  water  wheel,  is  to  be  securely  fenced.’’ 

‘  All  parts  of  the  mill-gearing  and  all  dangerous  parts  of  the  machinery  are  either 
to  be  securely  fenced,  or  to  be  in  such  a  position,  oi'  of  such  construction,  as  to  be 
e(pially  safe  to  every  i)crson  as  they  woidd  be  if  securely  fenced.’’ 

“  .Mill-gearing  comprehends  cveiy  shaft,  wheel,  di  um,  or  pulley,  by  which  the 
motion  of  the  liist  driving  jiower  is  communicated  to  :uiy  machine  appertaining  to  ;i 
manufacturing  jirocess.  ” 

“  Machinery  inclndes  any  dilving  strap  or  band.  ’’ 
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Tli(*S(‘  ])i()\'isioiis  ai‘(“  so  ])lfiiii  that  little  or  jio  explanatory  comment 
is  n(‘efle(l.  i\Iost  of  tin'  hak(*ry  mill-yeaiiiiy  wiiere  machinery  is  em¬ 
ployed  is  fixed  ov('i'hea(l,  so  that  it  is  ])erfectly  satV.  Where  belts 
]iass  thronyh  the  floor,  or  come  down  fi’om  the  overhead  shaftin''  to 
the  macliiiK',  aflepiiate  fencim'  must  h('  ju’ovided. 

The  enyine  oi-  other  source*  of  nu'chanical  powei-  in  the  hakerv  will 
usiuilh’  have  a  se])ai-ate  I'oom  pro\  ided  for  it,  and  so  is  itself  protected, 
and  its  movini'  parts  ai’e  adi‘(|uately  shut  oil  from  contact  witli  any  of 
tlie  leakehouse  work(‘rs.  In  may  he  noticed  in  passing  that  the  Factoiy 
Act  pi’ovides  for  tlie  fencing  in  of  the  tly-wlu'el  of  an  engine,  “  whether 
in  tlie  engine  room  or  not.”  When  a  gas  engine  is  em]iloyed,  this 
regulation  becomes  a  source*  of  positive  danger.  As  is  doulitless  known 
ro  the  great  majority  of  rt*aders,  gas  engines  are  started  by  pulling 
around  the  lly-whe(*l  hy  hand  until  the  first  explosion  occurs.  A  wheel 
with  temporary  fencings  is  nion*  dang(*rous  than  one  untVnced  ;  for,  as 
a  matter  of  fact,  the  f(*nce  is  as  often  as  not  left  out  of  position,  ami 
any  depend(*tice  placed  on  it  for  security  may  lead  to  false*  cemticlence 
anil  conse(|ue>]it  eiccident.  If,  on  the*  other  hanel,  the  fence  is  ;i  tixture, 
then  in  pulling  I'ounel  the*  ily-whe*el  thi're*  is  dange*r  of  getting  e*ntangli*d 
hi*twe*en  it  iinel  the*  fencing.  l'ortunate*ly  most  of  the  insjiectors  uncle*r 
the  I'kictory  Act  approeich  with  ei,  lihe'ral  :ind  jaeictical  spirit  the  laws 
tliey  have)  to  adininiste*r. 

Prohjihly  one  of  the  most  chingerous  !ippliance*s  which  e*ver  enti*rs 
into  a  bakery  is  the*  2)owe*r-lift  for  mo\  ing  goods,  anil  snme*time'.s  jiersons, 
from  one*  floor  to  another.  Jafts  of  tiiis  kind,  although  mechanical  in 
the*ir  nature*,  ;ire*  integral  ]i;u'ts  of  the*  buileling  ;ind  its  jie-rmiinent  tix- 
ture*s,  and  so  come  bi*fore*  us  at  this  stage  for  re\  iew.  The*  lift  of  raising 
e-ajiacity  of  say  lb  to  llO  cwt.  consists  of  a  cage*  about  probably  G  fe-et 
si|uare*,  and  runs  u|)  anil  down  a  we*ll  the*  whole  height  of  the  building. 
Wlii're*  hydraulic  jiower  is  provieh'il,  the  cage*  usually  is  suj)pni'te*il  on  the 
top  of  ;i  long  jiiston  rod,  for  which  a  pit  has  to  be  sunk  uneler  the*  lowest 
])art  of  the  cage*  tra\  e*l.  Tn  case*s  whi're  ;i  lift  is  elrive*:*.  by  an  engine*,  the* 
driving  ge*ar  is  most  fre*(pu'nt ly  overhe'ad,  :inel  the  roof  trusse*s  or  gireli*rs 
must  1)1*  sullie-ii'iitly  strong  to  cany  same.  The*  gre*af  source  of  dange*r 
is  that  of  ipi'Ople*  falling  'lown  the*  we*ll,  or  atte*nn)ting  to  get  in  ;uid  out 
of  till*  cage*  while*  in  motion.  'I’he  former  soui-ci*  of  ehinge“r  c.in  be 
e*asilv  mi't,  ])ajticularly  on  the*  higlier  floors,  hy  fixing  ;in  autoin.-itic 
gate*  to  the*  lift,  so  that  whi'ii  the  cage*  is  not  at  the*  toj)  floor  the'rc  sluill 
be  a  gate*  shutting  the*  e)pe*ning.  Whe*n  the*  cage*  comi*s  up,  it  itself 
r(*moves  tliis  geite*,  and  re*2)lace*s  it  when  it  ele*sce*nels. 

511.  Working  Requirements-  Compactness,  in  natural 

se*(juence*  the*re*  ne*xt  come*  forwarel  for  consideration  the*  r(*(piiri‘me*nts  of 
the*  bake*r  in  using  the  building,  as  the*s(*  must  viteilly  atlect  the*  design. 
.\mong  thi*.se  one*  of  the*  first  to  occur  is  that  of  compact ne*ss  :  bake'ries 
are*  not  wanti*el  to  be  long  and  straggling,  oi*  with  the*  work  going  on  in 
half-a-ilo/,(*n  phu*i*s  at  the*  one*  time  when  one*  would  sutlice*.  'Phei-e*  is 
the*  inevitable)  loss  of  time*  ie*.sulting  from  in!iele*(iu:ite*  supi*rvision,  anil 
also  that  ne*ci*ssarily  following  from  ove*ns,  mae-hinery,  tables,  it’c.,  be*ing 
too  fill*  iiway  from  e*ach  othe*r. 
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111  tlu‘  next  jiliiee  nuittei's  imist  lie  so  arriin<fe(l  tliat  ;ill  approiiclies 
and  exits  arc'  under  ecmtrol,  so  tliat  tlie  deli\c'ry  of  lloiii-  and  laM 
material,  and  also  tlu'  jiackiii”'  up  and  dispateli  of  bread  and  Hnislu'd 
goods,  may  lie  c'asilv  and  ('tlieiently  elieeked.  Wliere  at  all  jiracticable, 
all  means  of  c'grc'ss  and  ingrc'ss  should  be*  through  the  one  main  entrance, 
or,  if  through  ditlerc'iit  entrance's,  the  whole  of  these  should  bc'  undc'r 
control  from  the'  ofhee.  Where  this  is  impossible*,  e'ithc'r  such  extra 
doors  must  be'  lockc'd,  or  else  arrange'iuents  must  be  made  for  a  re*s 
ponsible*  man  bc'ing  jilaceel  in  charge.  The'  expe*nse  of  loss,  or  che'cking' 
loss,  is  such  that  it  we'll  re'pays  to  provide  what  is  practically  one*  main 
e'ntrance*  to  the*  bakery. 

In  the*  case*  of  a  retail  trade*,  the*re*  must  be  ready  means  of  ele*li\e*ring 
stulf  from  the  bake'house  to  the*  shop.  This  necessitate*s,  in  the  case  of 
bakery  and  shoji  being  on  the*  same  le*vel,  a  elire*ct  passage*  from  one  to 
the  othe*r.  AVith  a  bakery  eithei'  under  or  over  the  shop  level,  the 
best  ]ilan  is  a  simjily  constructe*el  lift. 

512.  Ventilation. — EtHcient  ventilation  is  compulsory  under  the* 
Factory  Act,  but  ajiart  from  that  the  necessities  of  the  ca.se  would  lead 
every  baker  to  ensure  his  ventilation  being  as  perfect  as  possible*. 
AVith  all  hot  work  the  comfort  and  health  of  the  ojierative's  reepdre 
abundance*  of  fresh  and  pure  air.  The  ventilation  e)f  a  bakery  is  fraught 
with  some  elithculty,  as  it  is  e'xtremely  imjiortant  that  there  be  no 
draughts  nor  sudden  chills  through  the  admission  of  large  ejuantitie*s  of 
cold  air  in  a  short  space  of  time.  A'entilation  is  usually  effected  by 
what  are  known  as  convection  cui'rents,  the  scic'ntitic  e'xplanatiou  of 
which  has  been  given  in  the*  introductoiy  chapter.  Brietly,  air  exiianels 
as  it  gets  hot,  anel  conseepiently  is  lighter,  bulk  for  bulk,  than  when 
cold.  As  a  result,  hot  air  lloats  upwards,  and  cold  d(*scends  to  taki;  its 
]ilace.  F'roin  this  it  follows  that  in  rooms  where  gas  is  burning,  or 
where  there  is  any  source  of  h(*at,  the  uppt'r  part  of  the  room  is  distinctly 
the  hotter.  If  aii'-tlues  ar(*  h*d  upwards  fi-om  the  upper  ]iortion  of  a 
ro(;m  us(*d  as  a  bakf'iy,  the  hot  air  will  ('scapt*  from  th(*s(*,  while  cold  air 
will  strr'am  in  to  take  its  place  at  tlu*  low(*r  levels.  This  elfect  is  (*asily 
studied  in  tin*  accompanying  figure.  Immediately  over  tlu*  o\ens  is  an 
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uj)tiike  to  wliifli  a  sli(Iiiit>'  door  is  altaclied  ;  tliis  is  excof'diiii'lv  simple, 
and  is  n'adily  worked  by  a  cord  from  the  lloor  level.  At  tiie  sides  in 
various  places  ai'e  iidet  pipi's  :  the  tops  of  these  are  so  placefl  that  the 
cold  air  dotss  not  strike  dirtadly  on  troughs  or  other  vessels  containiiii; 
feniHuits,  spoiii'es,  oi‘  doui;hs. 

A  useful  form  of  ^■entilatin';•  Hue  is  consti-ucted  from  a 
chimney  pipe  such  as  shown  in  sketch, 

'riiis  ])i]>('  is  mad(!  of  earthenware,  in 
from  12"  to  IS",  with  spigot  and  fauc('t  joints  like 
those  of  an  ordinary  drain  ]'ipe.  Ihit  on  one  side 
of  the  Hue  l»ij>e  is  formed  a  chamber  ;  this  separate 
chamber  or  Hue  is  the  air  Hue.  The  heat  of  the 
c-himney  portion  warms  the  air  Hue,  and  so  ci'eates 
a  powerful  di'aught  throu,!L,di  it.  Oven  chitnneys 
may,  as  shown,  be  constructed  of  such  }ii])ini^ :  .s(j 
also  in  underground  bakehouses  may  the  Hues  or 
tires  in  rooms  above,  the  air  Hue  being  carried 
docvn  into  the  baktuy.  Windows  may  be  used  for 
\entilating  ])ur])(jses,  but  it  is  then  a  good  plan  to 
place  a  board  on  the  lower  side,  so  as  to  cut  oH  any 
direct  indraught. 
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513.  Constancy  of  Temperature. — Sud 

den  changes  in  temperature  are  of  course  largely 
produced  by  draughts,  but  also  may  be  due  to  the 
construction  and  matc'rials  used  in  the  actual  build¬ 
ing  of  the  bakehouse.  Lath  and  plaster  are 
indicated  as  the  most  suitable  methods  of  building 
bakehouse  walls.  These  should  b('  constructed 
(,‘ither  of  stone  or  brick  of  suHicient  thickness,  and  if  the  latter  be  used 
a  fairly  solid  brick  is  an  advantag*'.  Ib’ickwm'k  should  be  cenu  nted 
on  the  sui’face,  or  othm'  steps  taken  to  ensuri'  its  being  watcn’tiglit. 
The  saiiK^  rrsisons  which  militatt*  against  thin  walls  alsr)  apply  to  ii'oii. 
For  light  sluals  corrugated  iron  may  do  very  well,  lait  it  is  not  the 
material  for  bakery  construction.  Its  ready  conductivity  of  lasil 
causes  the  liakery  to  bi;  e.vtremely  cold  in  wintc'r  and  hot  in  summer. 
For  the  same  reasons  open  iron  roofs  are  to  be  eoiuhmined.  4'o  }iri‘vent 
Huct nations  in  temp(‘raturt‘  there  is  nothing  like  having  anotht'r  room 
o\er  your  bakery,  and  the  common  juactice  of  having  tin*  Hour  stor(‘ 
above  is  more  than  justitied  by  its  inllmmce  in  maintaining  an  (‘(|uable 
temperature  in  the  l)akery  itself. 


514.  Arrangements  for  Ovens.  1  n  may  be  taken  as  a  cardinal 

<ipinion  of  the  author’s  that  o\'ens  should  lx*  tii’cd  from  outsiih*  the 
buihling  wher(;ver  possilth'.  In  conjunction  with  this,  one  has  of 
coui-se  to  bi'ai'  in  mind  the  fact  that  internal  Hring,  or  tiring  in  some 
other  way  from  the  front,  is  much  )irefeired  by  .some  bakers;  but  there 
are  so  many  reasons  w  hy  tiring,  ami  its  concomitant  dirt,  should  lx*  k(‘pl 
out  of  the  room  in  which  biasid  is  lieing  mad(‘,  that  it  may  widl  be 
ilaimed  that  the.se  are  worth  (‘ven  sonu'  litth'  inconvmuence  in  the 
mat  ter  of  baking.  4'hefacl,  however,  is  that  t hese  i neon venience.'<  art' 


moi-(!  iiiKio-iniU-y  tliiin  real,  and  tluMP  arc  ovens  wliit-h  fii'o  at  tlio  Itack, 
and  yt't,  so  far  as  pravtival  usefulnoss  and  convenience  ai-e  concerned, 
do  as  good  work  as  others  witli  the  lire*  inanijudatial  witinn  the  hake- 
house  proper.  This  view  leads  tlie  author  to  sugg(>st  tlu'  provision  in 
haktu’ies  of  a  separate  sttikehole,  witli  means  of  access  from  tiu'  hakerv, 
and  separate  entrances  for  I  lie  lu  inging  of  fuel  and  the  carting  away  of 
aslu's.  (Jvens  may  In'  liuilt  witliin  tlie  liakery  itself,  hut  where  pVac- 
ticable  the  writer  prefers  to  have  them  outside,  with  a  lean-to  or  other 
roof  covering  over  the  ovens  themselves  only.  This  separate  huilding 
can  then  receive  independent  ventilation,  .so  as  to  avoid  undue  heating 
hy  the  oven  of  the  hakery  itself.  Where  there  is  a  row  of  ovens,  their 
fac(*s  and  doors  should  b(>  flush  witli,  or  form  part  of,  one  wall,  and  this 
wall  should  he  carried  of  course  right  up  to  the  ceiling.  This  should  he 
done  even  if  the  ovens  are  within  the  main  huilding,  and  have  tin* 
upper  rooms  extending  uv(*r  them.  Such  a  wall  has  also  of  course  to 
hear  the  superincumhent  weight,  and  therefore  it  is  well  .so  to  arrange 
it  that  indepmident  pillars  or  columns  should  he  formeil  between  each 
oven  to  carry  the  weight  above.  The  genei'al  work  may  he  faced  up 
uniform  with  these,  or  the  ovens  may  he  slightly  recessed,  so  as  to  give'' 
a  .somewhat  improved  architeetural  effect,  hut  in  either  ca.se  ovens  and 
huilding  should  he  sejiarate  and  distinct  from  each  other. 

The  de.sign  of  the  bakehouse  must  dejxmd  somewhat  on  the  nature 
of  ovens  selected.  These  resolve  themselves,  so  far  as  British  jiractice 
is  concerned,  into  two  types,  tin*  ordinary  oven  loaded  with  a  peel,  and 
which  is  an  almost  sipian'  rectangle  in  horizontal  section,  and  tlu' 
drawjffate  oven,  which  is  narrow  aiul  elongated.  The  particular  shape 
of  this  latter  variety  is  determined  hy  the  width  of  plate  over  which 
men  can  set  liread  hy  hand.  Practically  this  is  limited  to  six  feet, 
which  can  he  readily  stretched  hy  reaching  from  either  side.  There  is 
one  particular  in  which  the  drawiilate  oven  afiects  the  style  of  bake¬ 
house,  and  that  is  in  the  case  of  a  plot  of  land  facing,  say,  a  leading 
thoroughfare,  where  a  narrow  frontage  is  all  that  can  he  had,  hut 
where  comparatively  great  depth  is  obtainable.  The  narrow  form  of 
oven  works  in  well  in  such  cases  as  the.se. 

515.  Machinery.  -The  an-angements  in  this  matter  must  depend 
largely  on  the  space  at  command,  and  its  shape  and  other  characters, 
ihe  engone  should  have  a  separate  room  provided  for  it,  and  this  holds 
good  with  especial  force  in  the  case  of  gas  engines,  where  comparativelv 
small  quantities  of  dust  and  dirt,  hy  linding  their  way  between  the 
valve  surfaces,  may  readily  do  extreme  damage.  This  is  not  a  matter 
^  great  diliiculty,  because  in  even  a  small  bakehouse  tiu'  engiiu'  may 
he  saueened  off  with  a  glass  and  woodwork  partition. 

Naturally,  in  arranging  machinery  and  hakery,  provision  will  he 
made  for  running  materials  about  as  little  as  po.ssihle.  Flour  store- 
i-ooms  are  generally  and  propm-ly  at  the  top  of  the  hakeiy,  and  the 
our  IS  at  once  raused  there  when  brought  into  the.  huilding.  Then 
lour  and  dough  drops  hy  gravity  downwards  from  floor  to  llooi-  diirim-- 
all  subsequent  oiierations  thereon. 

516.  Typical  Bakery  Designs. — llavin  g  dealt  with 
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[)riiici})l(*s,  iiii  ('ilort  will  lu'xt  be  made  to  show  liow  tlies(!  pi'inoiples  may 
!)('  embodied  in  everyday  work.  For  tliat  purpose  tlie  followin'^  descrip¬ 
tions,  illustrated  by  ])lates  followini^  pa,i(e  ar(i  i'ivcm.  It  should  b(‘ 
explained  that  most  of  these  illustrations  are  drawn  from  plans  executed 
by  the  author  in  the  cours(?  of  actual  practice,  and  represent  in  their 
l)road  outlines  of  design  baktti'ies  at  ])reseiit  in  successful  ojieration. 

It  must  be  remendjered  that  these  are  not  to  be  taken  as  complete 
working  drawings  ;  many  little  details  of  construction  are  omitte<|, 
because  they  do  not  ad'ect  the  general  principle  of  the  design.  (Jf 
course  should  one  wish  to  carry  them  into  i)ractice,  it  woulil  simply  be 
a  matter  of  routine  work  to  supply  the  various  building  details,  and 
also  to  prepare  architectui’al  elevations  of  the  extei'ior  of  th<‘  building. 

517.  Single  Peel  Oven  Bakehouse.— On  Plate  VI  I.,  Figures 
A,  A,  there  is  shown  a  small  bakehouse  fitted  with  one  peel  oven, 
which  may  be  single  oi'  dtjubh'  decker.  The  outsidt*  width  is  IS  feet  6 
inches,  windows  all  in  front,  and  depth  30  feed.  As  just  mentioned, 
the  oven  may  be  a  single  one,  but  a  double  oven  has  the  advantage  of 
.sup})lying  a  most  useful  auxiliary  oven  at  very  little  (‘xtra  cost  for 
erection,  and  none  for  fuel  while  at  work.  The  tiring  arrangement  is 
at  th(‘  side,  giving  a  sep)arate  stokehole,  titted  with  coke  bunker.  The 
assum|3tion  is  that  the  oven  is  accessible  at  the  back  ;  in  fact,  that  no 
facilities  for  eithei'  light  or  entrance  are  obtainable  from  anywhere  but 
the  front.  Peyond  showing  a  trough  at  one  side,  no  attempt  has  betm 
made  to  introduce  fixtures  and  utensils  ;  the  places  of  these  will  at  ome 
suggest  themselves  t(j  the  baker  in  looking  o\fr  the  jilan.  In  the  left- 
hand  corner  of  the  bakehouse  is  arranged  a  staircase  leading  to  the 
Hour  store  above.  Here  is  shown  in  outline  the  position  t)f  a  sifting 
machint',  through  which  flour  may  be  delivered  into  the  trough  below. 
The  extreme  usefulness  of  this  is  self-evident,  and  the  machine  is  readily 
worked  by  hand.  The  oven  portion  of  the  buihling  is  covturd  l)y  a 
l(‘an-to  roof,  bringing  it  uj)  simj)!}'  oiu'  storey  high.  A  large'  amount  of 
work  could  easil}'  be  done!  in  a  bakehouse;  eef  this  tyjee*.  The  hewer  oven 
might  be  ve'iy  well  use'el  feer  baking,  say,  thi’e'e;  batche's  eef  breeiel  and 
aneethe'i'  beitch  in  the'  uppe'r  eeve'ii  on  eerelinary  elays  ;  e'xti'ii  of  e'eiurse'  em 
Saturelays.  3'his  wemlel  e'.-isily  pieevieh'  tor  a  traele  of,  say,  t we'iity-five' 
sacks  per  we'e'k  ;  which  is  jirobidely  iis  much  ;is  is  usually  ceeine'nient  tee 
eh)  in  a  one'-eeve'ii  b:ike'he)use.  Se)  far  as  the  e)\e'n  alone'  is  e-once'rned, 
this  eeiitiait  might  be'  ehatbh'el.  Then,  folhewing  the'  lire'ael  in  the  uppe'r 
eeve'ii  weeuhl  cenne'  such  sm.'ill  goe)eIs  as  re'e|uire  a  meelium-he'ate'el  e)Ve'U, 
anel  afte'r  the'in  Cid<e's,  anel  Hnidly  rich  bheck  c;d<es.  Feelhewing  the 
bre'ael  in  the'  lowe'r  eeve'ii  might  l)e'  hidve'el  such  geeoels  :is  re'epiire'  an  ove'U 
lu'iite'd  te)  a  breael-baking  te'mpe'riiture  ;  afte'r  which  it  shouhl  be'  cheseal, 
anel  not  edlowe-el  te)  eh'eep  be'hew  bre;ael  bedN’ing  lie'at  for  the'  elay.  Care'ful 
manageme'nt  sheeuhl  thus  give  one'  ceenstant  eeven  for  high  teiiiieeraf lire 
weerk  juiel  aneethe'r  to  be'  useel  fe)r  genei'id  weerk  eit  hewer  tempe'reitures. 
The'  inti-eedue-fieen  of  preejee'r  elraiiiiige;  anel  siinit;uy  applieince's  weeuhl 
re'iieh'r  Ibis  bake'he)use',  snudl  as  it  i.s,  jee'rfe'ct,  freein  a  hygie'iiic  point  e)f 

_ Ko  pe'rfect,  at  h'ast,  as  hiinelmaking  iippliance's  will  permit. 

518,  Bakehouse  for  two  Peel  Ovens.  The  ne'xt  phm  on 
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tliy  saiiu'  Plate  (\  11.),  I* ii’'ni't“.s  h,  js,  is  oiu;  of  a  larijer  bakcliouse,  in 
■whicii  both  front  and  side  liglit  is  obtainable.  It  is  shown  fitted  with 
a  pair  of  peel  ovens,  whieh,  a,i;ain,  would  pndei-ably  be  double-deekers  ; 
liaving  the  two  of  them,  one  of  the  ovens  inight  be  fitted  with  an  upper 
oven  arranged  as  a  .steain-retaiiuiii^  slofu'd  oven  for  ylazed  or  Vienna 
bread.  The  su,n;yestion  here  is  that  the  ovens  shall  be  tired  at  back, 
and  accordingly  a  stokehole  e.vtends  the  whole  huigtli  of  the  back  ; 
opening  from  the  })assage  to  the  stokehole  is  a  door  leading  to  a  small 
yard,  in  which  are  built  lavatory  and  men’s  ofiices.  In  order  to  ju-o- 
tect  workmen  this  passage  is  roofed  over,  but  left  open  on  side  nearest 
the  yard.  The  bakery  has  a  table  in  the  centre,  containing  a  trough 
underneath,  and  again  over  this  is  a  sifting  machine,  as  before  suggested. 
To  the  right  hand  of  the  bakery  is  a  small  office,  and  behind  it  a  pastry 
room.  Over  the  bakery  is  the  Hour  store,  arianged  as  in  the  pi'evious 
sketch.  A  bakehou.se  such  as  this  would  have  capacity  for  a  large 
trade  ;  with  properly  .selected  ovens  there  would  be  no  ditficultv  in 
turning  out  a  hundred  sacks  per  week,  and  also  the  corresponding 
amount  of  small  goods  and  confectionery  trade.  Of  course,  the  amount 
of  bakehouse  s])ace  would  ill  such  a  case  be  increased  with  advantage, 
or  the  space  might  be  altered  in  shajie  to  meet  e.xigencies  of  site.  No 
provision  has  been  made  here  for  machineiy,  but  of  course  such  could 
easily  be  adajited  to  same  if  desired.  Bread  rooms  and  other  con¬ 
veniences  might  vmy  well  be  attached  to  the  bakery  in  front,  or  side 
opposite  ovens. 

519.  Single  Drawplate  Oven  Bakery.-  In  the  third,  figures 

c,  c,  same  Plate  (\II.),  a  plan  is  given  of  a  bakehouse  fitted  with 
a  drawplate  oven,  over  which  may  also  with  advantage  be  built  an 
upper  jieel  oven.  This  arrangement  lends  itself  well  to  a  site  where 
there  is  a  very  narrow  frontage  and  plenty  of  depth.  The  present 
sketch  has  been  prepared  on  this  assumption,  and  shows  a  bakerv 
.standing  on  a  piece  of  ground  15  feet  4  inches  in  width.  This  might 
be  still  further  diminished  by  lessening  the  width  of  the  pa.ssage  round 
the  stokehole,  which  in  the  plan  is  tlnee  feet  wide.  By  resorting  to 
the  plan  of  having  the  oven  fired  within  the  bakehousi!,  the  total  wddth 
might  still  further  be  reduced  to  10  fei-t  inside  and  12  feet  1  inches 
e.xternal  width.  Or  even  in  this  case  the  oven  might  b(‘  firisl  at  the 
back  by  arranging  a  sjiiral  staircase  or  step  ladder  down  into  the 
.stokehole  from  over  the  oven  through  the  flour  stoiv  above.  Such  v(>rv 
narrow  sites  aic  not,  however,  likcdy  to  oftmi  occur,  and  the  stairca.se 
arrangement  is  not  recommended.  As  drawn,  it  is  assumed  that  no 
ight  is  availabh^  from  the  sides,  and  accordingly  small  windows  are 
placed  over  the  ovens  into  tlui  bakehouse.  This  iilan  shows  in  diagiam 
torin  the  position  of  doughing,  flour-blending,  and  sifting  machhiery 
arranged  in  the.  bakehouse,  and  also  j)arts  of  the  same  iilant  ov'erheai'l 
tlie  engine-room  is  in  front  of  the  bakery,  and  beyond  that  is  the 
bread  room.  A  bakery  such  as  this  foi-ms  an  interesting  and  faiidy 
complete  instalment.  With  this  plant,  esjiecially  wlimc  the  drawjilate 
lias  over  it  a  lasd  oven,  an  extensive  and  varied  trade  mav  b(>  done, 
idthough  the  machine  plant  laid  down  could  very  well  turn  out  sullicienf 
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sluil  to  wiin’iiiit  tlu)  croftioii  of  iinothcr  ov'en  Iiosiclo  tliat  shown,  inakin;^ 
of  coLii-so  the  l)ak(“l louse  coi’i’esj)Oii(lin,<;Iy  wider.  Witli  increased  wkltli 
re-arrangenient  of  space  would  permit  the  depth  to  lie  reduced. 

520.  Shop  and  Overhead  Bakery.  -Tlu'  desiyus  given  on 
Plate  Vnr.  take  into  consideration  a  business  which  is  supposed  to  lie 
a  main  strc'ct  of  a  good  neighbourhood,  wlu're  the  exigencies  of  the 
circumstances  demand  both  liakehouse  and  siiop  to  be  in  close  proximity. 
It  is  assumed  that  tlu>  only  access  to  the  juemises  is  from  the  front  or 
street  side*,  there  onl}'  being  at  the  back  a  limited  amount  of  air  and 
lighting  space,  which  cannot  bi*  utilised  in  any  way  in  connection  witli 
the  manufacturing  operations  of  the  business. 

Regarding  the  shoj)  itself  much  must  of  necessity  be  left  to  the 
nature  of  the  business  and  tin'  inilividual  taste  of  the  proprietor.  It 
goes  without  saying  that  window  sjiace  is  reipiired  for  the  display  of 
goods;  this  is  jirovided  by  two  windows,  each  of  about  ten  feet  in 
length.  On  the  one  side  is  a  counter,  and  the  other  is  fitted  with  a 
table,  which  may  also,  if  wished,  be  easily  used  for  counter  purposes. 
Toward  the  back  of  the  shop  some  small  i’efr(‘shment  tables  are  placed, 
which  ma}’,  if  desired,  be  (‘injdoyed  for  the  consumption  of  tea  and 
coffee.  JJescending  from  the  back  of  the  shoj)  is  a  staircase  leading  to 
lavatoi’ies  and  retiring-rooms  in  tin*  basement.  These  are  indicated  by 
dotted  lines  on  the  ground-floor  plan.  A  passage  from  the  bottom  of 
the  staircas(‘  leads  to  one  set  of  lavatories  and  w.c.’s  on  the  left  hand. 
Another  similar  set  are  reached  through  the  room  shown  under  part  of 
the  bread-room.  This  basement  room,  with  the  ajipertaining  con¬ 
veniences,  could,  if  wished,  be  retained  for  the  staff,  the  others  being 
reserved  for  the  accommodation  of  customers,  and  both  kejit  separate 
and  distinct  from  each  other.  If  wished,  this  basement  could  be  used 
also,  or  instead,  for  the  prc’paration  of  light  refreshments  to  be  sent  up 
by  a  small  lift  which  might  be  ti.xed  by  the  top  of  the  stairs. 

It  being  assumed  that  the  oidy  approach  to  the  building  is  from  the 
front,  means  of  ingr(*ss  and  egress  have  been  provided  b}’ a  side  passage 
on  the  right  hand  of  the  shop;  this  goes  right  through  to  the  back  of 
the  building,  and  has  doors  leading  into  the  bread-delivery  room  and 
the  office. 

As  an  altei’iiative  to  the  bad  plan  of  a  cellar  bakehouse,  the  bakery 
part  of  the  premises  is  shown  overhead  :  a  feature  which  is  in  common 
with  the  now  fr(*quent  plan  of  having  hotel  kitchens,  it'C.,  at  the  toj)  of 
the  building.  Let  us  first  rajiidly  run  through  the  general  arrangements 
of  the  bakery.  As  already  explained,  the  shoj)  is  on  the  ground  floor, 
with  lavatories  in  back  part  of  basement,  opening  out  in  area  behind. 
At  the  rear  of  the  shop  is  the  brc'ad  cooling  and  tlelivery  room.  Dn  the 
first  floor  is  the  bakery,  containing  the  ovens  and  moulding  tables. 
Machinery  and  engine  are  arranged  on  tlu'  second  floor,  while  the  flour 
stores  are  on  the  third  floor. 

A  more  detailed  examination  of  the  arrangemmits  may  be  made  by 
following  the  Hour  from  its  entry  into  the  place  to  its  dejiarture  as 
brc'ad.  Ileing  situated  on  a  main  and  busy  thoroughfare,  all  flour  will 
have  to  be  delivered  either  early  in  the  morning  or  pn'ferably  late  in 
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the  evenin'^  \yhen  the  shop  business  is  over.  Tlie  flour  would  he  l)acked 
against  the  side  entrance  and  drawn  up  at  once  to  the  third  floor  hy  the 
sack  hoist  some  three  or  four  feet  in  from  the  door.  The  lioist  itself  is 
fixed  overhead  in  the  flour-i-oom,  and  draws  the  sacks  up  through  trap 
doors  on  each  landing ;  in  this  way  Hour  or  other  material  may  readily 
lie  brought  from  a  van  at  the  side  entrance  to  any  desired  Hoor.  Flour- 
blending  machinery  will  be.  fixed  underneath  the  third  Hoor,  and 
arranged  so  as  to  be  worked  from  the  Hour  store.  Sacks  of  flour  in  any 
desirecl  jiroportion  are  emptied  through  the  “  hopper  to  blender,”  and 
the  mixture  drawn  up  once  more  to  the  “blended  Hour  bin”  Hxed 
overhead  on  the  third  Hoor;  from  this  it  is  drawn  off  as  required.  The 
hopper,  through  which  the  Hour  passes  to  the  sifter,  is  also  on  this  Hoor, 
the  sifter  itself  being  bolted  iq)  underneath  tlie  joints,  as  shown  on  the 
section,  through  first  Hoor.  brom  tlie  sifter  the  flour  passes  into  the 
doughing  machine.  The  sifted  Hour,  together  with  water  from  the 
attemperating  tank  and  yeast  or  ferment,  as  the  case  may  be,  is  con¬ 
verted  by  means  of  the  kneading  machine  into  dough.  For  ferments 
and  sponges  a  room  has  been  provided  in  one  corner  of  the  machinery 
room,  where  they  may  lie  kept  at  an  ecjuable  tenqierature  and  free  from 
draughts.  The  size  of  this  room  may,  of  course,  be  varied  to  suit 
particular  requirements.  A  whisking  machine  is  shown  Hxed  here  for 
sponge-cake  making,  lire.  Between  the  doughing  machine  and  the  trap 
door  a  line  of  light  machines  for  various  bakehouse  purposes  could 
readdy  be  placed;  or  xvith  ovens,  as  shown  in  the  drawing,  such 
machines  could  easily  be  erected  on  tlie  Hoor  below.  The  doughs  are 
allowed,  after  being  made,  to  stay  in  this  room  until  ready,  and  are 
tiien  cut  out  of  the  troughs  and  discharged  through  a  liopper  on  to  the 
moulding  talile  on  the  Hoor  beneath.  Tlie  machinery  as  shown  on  tliis 
Hoor  is  driven  by  a  gas  engine  fixed  in  the  one  corner,  from  which  runs 
a  line  of  shafting  along  the  partition  wall  driving  most  of  the  various 
machines  from  this  Hoor,  except  the  hoist  and  Hour  elevator,  which  are 
overhead. 

Dnipping  in  the  next  place  to  the  first  Hoor,  there  are  the  mouldiiK^ 
tables  and  also  ovens.  Although,  as  is  well  known,  the  author  is  an 
advocate  of  draw-plate  ovens,  he  has  here  shown  a  .series  of  ovens  Htted 
tor  use  with  the  jieel,  to  give  them  a  turn,  so  to  .speak.  Of  course 
draw-jilate  ovmis  could  be  arranged  for  instead,  if  necessary.  The  oven.s 
shown  are  double-deckers,  Hred  from  the  back.  If  any  very  lar^m  trade 
were  being  done  in  cakes,  it  would  be  xvell  to  make  the ‘ovens  treble 
instead  of  double  deckers,  using  the  top  ovens  as  .solid  low-temperature 
ovens  I  he  stokehole  of  these  ovens  runs  over  the  side  pa.ssage  on  to  the 
Hoor  below.  Two  ovens  are  shown,  but  space  is  allowed  for  piittimr  a 
third  oven  beside  the  others  at  any  future  time  if  wisheil.  The  fuel  lor 
the.se  ovens  is  coke,  and  thi.s,  on  being  brought  as  usual  to  the  bakery 
111  .sacks,  IS  hoisted  direct  to  the  third  floor  and  taken  into  the  coke 
store-room.  From  here  each  day  suHicient  for  the  twenty-four  hours 
consumption  is  emptied  down  the  coke  shoot  into  the  stokehole  behind 
ttie  ovens.  The  ashes  are  completely  raked  out  once  a  day  from  the 
aslipits  and  imt  into  a  portable,  sanitary  clo.sed  bin.  This  is  sent  down 
-lotlily  by  the  .sack  hoi.st,  and  handed  over  to  the  dustman  on  the  occa,siou 
DU 
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of  liis  daily  visit.  At  the  far  end  of  tlie  stokehole  is  fixed  a  small 
vertical  holier  for  the  production  of  steam  for  general  purposes.  The 
due  fi’om  these  ovens  is  carried  into  a  chimney  stack  built  against  the 
partition  wall.  TTie  ovens  themselves  are  su])ported  at  tlie  l>ack  by  a 
strong  wall  between  tlie  sho|)  and  side  jiassage  ;  the  front  is  carried  on 
girders  supported  on  the  main  back  outside  wall  of  the  building,  and  on 
pillars  arranged  in  the  corners  of  the  office.  For  pastiy-making  pur¬ 
poses  a  small  room  is  shown  in  the  corner  furthest  from  the  ovens.  The 
baked  bread  i.s  packed  in  portable  racks  and  taken  downstairs  by  means 
of  a  simiile  gravity  lift  into  the  cooling  and  delivery  room  below. 

From  the  cooling-room  one  would  naturally  like  to  be  able  to  load 
barrows  and  carts  at  the  back,  but  this,  according  to  the  conditions,  is 
imjiossible.  Arrangements  have  therefore  been  made  for  delivering 
through  the  side  door.  A  delivery  clerk  checks  the  bread  as  it  goes 
out.  Jt  is  assumed  that  the  passage  is  too  narrow  for  bread  barrows  to 
pass  each  other  in  it,  but  the  liread  may  be  loaded  on  running  waggons 
just  two  feet  in  width,  and  these  could  pass  each  other  in  the  passage. 
This  passage  could  lie  used  at  night  for  the  purpose  of  keeping  liarrows, 
as  some  six  or  eight  could  readily^  be  stowed  away  in  it.  A  door  leads 
direct  from  the  cooling-room  into  the  shop).  Thi  ough  this  all  shop  goods 
would  lie  brought,  and,  if  found  absolutely  neces.sary,  liread  barrows 
could  also  be  filled  this  way  in  the  early  hours  of  the  morning,  in 
addition  to  the  use  of  the  side  entrance.  On  this  floor  is  placed  the 
office,  which,  as  situated,  controls  the  shop,  the  side  p)assage,  cooling- 
room,  and  delivery  clerk’s  desk.  From  the  cooling-room,  through  a 
door  leading  into  the  backyaird,  are  reacheil  the  workmen’s  lavatoiy 
and  w.c.  A'ith  sufficient  space  at  the  rear  this  accommodation  might 
well  be  enlarged. 

Such,  in  l)rief,  is  an  outlined  idea  of  a  bakery  and  shop)  fitted  for  a 
large  and  high-class  family  busine.ss  in  a  first-rate  locality.  The 
exigencies  and  nature  of  the  business,  together  with  the  actual  .size 
and  p)ioi)ortions  of  the  j)remises,  must  all  affect  the  pirecise  nature  of 
arrangements  in  (‘ach  individual  case.  Such  plans  as  are  here  given 
can  only  touch  on  the  general  princip)les  involved  in  tin'  arrangements, 
which  in  themselves  lend  thenrselves  readily  to  considerable  modification. 

521.  Wholesale  Bread  and  Cake  Factory.  The  drawings 
on  Plates  JX.  and  X.  are  those  of  a  wholesale  bread  and  cake  factory'. 
The  designs  were  prepared  to  meet  certain  reiiuii-enu'iits  ai-ising  out  of 
the  nature  of  the  site.  The  assumption  is  that  the  building  is  to  be 
placed  on  a  coriu'i-  plot,  and  on  a  sloi)ing  i)iece  of  ground.  Looking  at 
ihe  ground  plan,  the  toj)  right-hand  corner,  wlu're  the  room  marked 
pastry  stores  is  situated,  is  the  higlu'st  part  of  the  ground.  The  road 
slopes  downwai'd  in  both  directions  from  this  i)oint  to  tin*  other  corm'rs, 
the  opposite  diagonal  conu'r  being  on  the  lowest  i)oint  of  the  ground. 
Jt  may  be  assumed  that  the  north  and  south  of  the  building  lie  in  the 
same  direction  as  an  ordinary  map  ;  that  is,  that  the  north  is  on  the 
toj).  The  result  of  the  general  arrangement  is  that  an  extra  floor  is 
gained  on  the  western  side  of  the  building.  Conse(|Uently  the  occuj)a- 
tion  or  })rivate  road  leading  along  the  south  reaclies  the  van  shecks, 
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*c  «-|,icl.  will,  ,l,e  l„,,„l.,ldive,.i„f,  a,.,.  „  I„.|,nv 

tilt.  aiouiKl  ll.ioi-  proper  „t  the  liakeiy,  and  yet  are  level  with  the  stahle 
yard  and  road  leadinfr  tlioivto 

slarn'r!  cake  l.akeries 

.  h  ndd  1).>  witkin  the  .same  hinldino-,  ,.acli  fairly  acce.ssilde  from  the 

cos  and  yet  a.s  distinct  as  jiossihle  from  each  otlier.  To  meet  tliis 
ant  the  .read  bakery  was  placed  in  the  western  portion  of  the  fniil.b 
1^,  and  the  cake  ami  confectionery  departments  in  the  eastern  win-r 
beai  nig  thi^se  general  iv.iuirements  in  mind,  the  ovens  were  made  tlfe 
.  .utiiig  point  of  the  design.  It  was  of  course  an  essential  in  a  modern 
.akei>  vorthy  of  the  name  that  all  fires,  and  their  concomitant  dust 
and  aslie.s  should  be  kept  without  the  bakery  proper.  The  ovens  wei'e 

n  ead  and  cakes  respectively  open  at  the  back  into  the  same  stokehole 

So  wl  ■  end  of  the  tiring  space  we  have  a  coke  stormroom’ 

1  to  V  Inch  coke  is  easily  shot  from  the  private  road.  To  take  the  coke 
he  ovens  a  small  truck  is  provided,  running  on  rails  tived  to  the 
centre  of  the  stokehole.  This  arrangement  emd.les  the  stoker  to  hd 
us  truck  at  the  one  end  and  feed  each  oven  furnace  in  succes.Sn  wiil! 
If  minimum  of  trouble  in  conveying  his  fuel  Onnosite  the  e  a  e 
store  on  the  east  of  the  “  furnace  laL  is  ai.I^ged  ti:r^enna  ovt 

ith  the  111  111  front,  leaves  a  rece.ss  in  the  stokehole.  This  is  utilised 
as  a  convenient  situation  for  a  small  vertical  boiler  to  supply  stf^im  S 

llnil  o^eiko  tm.;  ■'*  ““-“Wo  oitlie,- 

The  actual  selectiiai  of  ovens  will  (lenend  on  the  tneie  e..  1  ■  1 
of  the  l«ker,  l.iit  in  the  plaits  ,t  is  aE^lr.l';!::  h,:“l 

supplied  with  decker  ovens,  having  the  lower  oven  arram^ed  with  a 
havv  plate,  and  the  upper  one  titted  for  use  with  a  peel "  The  con 
feet amors  bakery  is  .shown  with  double-decker  i.eel  ovLis  This  mrt 

witl"'  iiiodified  so  as  to  fit  the  bakery  thromdlnit 

-th  ^mther  peel  or  drawplate  ovens,  according  to  the 

the^l^.amuu^o!^^^  separately,  and  a  little  more  closely, 

<  aiiang.ment.s  of  both  breml  and  cake  bakeries.  For  the  bread 

ESSH  “'IT  1 ^ 

lioist  itself  F*  *■^1"  'l'*'!-'  ^ I'l-otecfed  while  unloading.  The 
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far  more  room  tliaii  usual  is  provided  for  flour  storage  ;  tliis  is  done 
with  the  conviction  that  large  users  of  flour  will  And  it  iireferalihi  to 
liold  and  buy  flour  in  correspondingly  lai'ge  [)arcels  rather  than  buy 
forward,  allowing  the  miller  or  flour  factor  to  send  in  instalments. 
With  large  purchases  forward,  and  a  rising  market,  it  is  at  times 
diflicult  to  insure,  the  later  deliveries  being  absolutely  up  to  the  mai'k. 
For  the  ordinary  lam  of  business  fairly  large  stocks  of  flour  mon*  than 
pay  for  warehousing  room  and  the  intere.st  on  capital  lying  temporarily 
idle  in  flour  stock.  This  flour  store  will  be  of  course  made  sulticiently 
strong  to  carry  the  weight  required  on  it. 

The  flour  being  in  the  place,  the  ne.xt  step  is  to  mix  or  blend  such 
varieties  as  are  reijuiri'd  for  the  various  purposes  of  the  bakery.  For 
this  piu’pose  a  blending  plant  is  shown,  consisting  of  a  blending  machine- 
bolted  underneath  the  tirst  floor,  and  arranged  with  a  belt  and  cup 
conveyor,  by  which  the  flour  is  elevated  to  a  storage  bin  fixed  overhead 
in  the  flour  store-room.  From  this  it  is  waughed  ofl'into  batch  (piantities,. 
and  these  are  stored  until  required.  The  whole  of  the  blending 
arrangements  are  thus  eflected  on  the  one  flooi-,  and  so  come  easily  in 
sight  of  the  man  in  charge.  This  floor  has  also  a  room  shown  in  it 
which  may  be  used  as  a  flour-testing  room,  retiring  room,  or  other 
desired  purpose.  Additional  rooms  could  easily  be  arranged  in  this 
floor,  if  desired,  along  the  north  wall  of  the  building.  In  passing,  it 
may  be  suggested  that  in  constructing  the  flooi’  itself  of  this  storey,  the 
part  over  the  ovens  at  least  should  be  formed  of  tire-proof  material  or 
cement  concrete.  Whether  of  stone  or  concrete  or  wood,  flour  is  all 
the  better  for  Ixung  raised  a  little  from  the  floor  itself,  .so  as  to  permit 
the  jiassage  underneath  of  a  current  of  air. 

Through  a  hopiier  in  the  tirst  floor  the  flour  passes  into  a  sifter 
ari’anged  underneath  the  boarding,  and  from  tlumce  into  the  doughing 
machine  jilaced  underneath.  This  will  bi*  a  convenient  jilace  to  speak 
of  the  arrangements  for  supply  of  power.  For  this  purpose  a  gas  engine 
is  provided,  which  is  erected  in  an  engine-room  on  the  north  side  of  the 
bakery.  The  main  weight  of  the  engine  is  carried  by  the  specially 
thickened  wall  of  the  store,  room  beneath,  which  is  so  designed  as  to 
come  under  the  driving  shaft  of  the  engine.  The  main  ludt  is  carried 
up  to  the  overhead  shafting  close  to  the  building’s  north  wall,  and  so  is 
kejit  (piite  out  of  the  way. 

Foi’  the  sponges,  when  made,  a  room  is  provided  adjoining  the  engine- 
room,  and  marked  on  the  jilan  as  “sponge  room.”  Tn  all  very  large 
bakeries  then'  is  a  difliculty  in  maintaining  an  equable  tc'nqx'rature, 
and  e.specially  in  winti'r  tinu*  th('re  is  danger  of  sponges  getting  chilled 
by  a  rapid  fall  in  ti'nqierature,  or  by  what  amounts  to  the  same  thing, 
a  draught  through  th('  building.  When  ready  the  siKUiges  are  once 
more  returned  to  the  machine,  and  with  the  addition  of  mon'  flour  and 
water  are  converti'd  into  dough.  The  dough  at  the  proper  time  is 
thrown  out  and  got  ready  for  the  oven,  baked,  and  then  removed  by 
means  of  the  “  bri'ad-lift  ”  to  the  bn'ad-cooling  room  below.  The  bread- 
lift  involves  rather  a  contradiction  in  terms,  because  the  bread  is  all 
dropped  through  it,  and  not  lifti'd.  Ib’t'ad  is  best  removed  to  this  by 
means  of  proper  racks  just  fitting  the  lift,  which  should  be  so  counter- 
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jioised  as  to  rise  of  itself  when  tliere  is  only  an  eiiii)ty  rack  in  it,  and  to 
descend  of  its  own  accord  when  it  contains  a  rack  Idled  with’  dread. 
Arranged  thus  the  lift  reijuires  no  power  to  dri\  (^  it. 

From  the  cooling-room  the  dread  is  checked  out  into  delivery  van.s, 
which  are  hacked  against  the  various  doors  opening  into  the  covered 
•shed.  A  store-room  is  ju'ovided  on  the  dasement  lloor  ;  it  is  as  far 
away  as  i)o.ssidle  from  the  heat  of  the  ovens,  and  may  lie  u.sed  for  keepim^ 
yeast,  and  also  any  large  stock  of  dutter  or  other  fats  for  confectioneiw 
and  cake  purpo.ses.  Opening  out  fi-om  the  dasement  are  urinals  and 
■chisets  for  the  workmen’s  use.  These  are  kept  well  .separate  from  the 
hakeliouse,  and,  while  under  .shelter,  aduiidant  ventilation  is  iirovided 
tlirough  the  roof.  The  men’s  lavatories  are  ipiite  distinct,  and  are 
arranged  in  the  men’s  dressing  room  alongside  of  the  cake  ovens.  This 

room  IS  ventilated  dy  windows  opening  into  the  air  space  aloiu'-  the 
stokehole  roof.  '  i  o  - 

Attention  must  next  he  directed  to  the  cake  dakery.  The  ovens 
shown  are  doudle-decker  peel  ovens  ;  one  of  these  niiglit  advantageously 
jc  a  three-dec'ser,  thus  providing  an  additional  solid  low  temperature 
oven  tor  very  rich  cakes,  while  over  the  other  a  drying  oven  might  he 
nxed.  ^  Proving  cu})doards,  etc.,  and  other  accessories  of  the  confec¬ 
tioners  art,  will  naturally  tind  a  place  here.  Provision  is  made  dv 
means  of  a  light  run  of  shafting  for  the  driving  of  cake-mixing  and 
other  confectioners  machinery.  It  was  a  somewhat  awkward  iioint  to 
provide  for  the  power  necessary  for  this  shafting,  dut  this  odject  is 
offected  dy  means  of  a  light  cotton  rope  driven  from  the  engine'in  the 
laeacl  Ijakep^.  ^le  driving  roi^e  runs  over  supporting  pulleys  placed  at 
intervals  of  its  engtli.  A  pastry-room  is  arranged  at  the  south-east 
ooi  ner  of  the  duilding.  The  Hour  required  for  cake-making  is  .shot  down 
tiii'ough  a  hoj)per  from  the  floor  above. 

The  offices  are  situated  in  the  centre  of  the  north  side  of  the  factory, 
and  command  doth  dread  and  cake  dakeries.  Adjoining  the  office  is  a 
covered  recess  for  loading  cake  vans.  Tlie  north-east  corner  has  a  room 
^^hlch  IS  intended  as  a  jiastry  store-room.  From  the  dakery  all  cakes, 
<tc  ap  delivered  into  this  room,  from  which  they  are  again  checked 
u  in  o  le  ^fins.  Eggs  and  sucli  other  stores  as  are  convenient  may 
le  unloaded  in  this  same  van  recess,  and  served  out  as  wanted  from  the 
room  marked  “  pastry  store.’' 

Heavy  cake  stores,  as  sugar,  could  be  kept  above  on  the  iijiper  floor, 
•.ind  delivered  into  the  dakery  through  a  trap-hatch.  If  desired,  a  cake- 
•uxing  room  with  its  necessary  machinery,  might  easily  be  built  in  the 
flour  store  above,  directly  over  the  cake  dakery.  Mixed  cake  doughs 
could  then  be  imule  upstair.s,  and  sent  below  to  bake.  Either  a  lift  to 
take  a  cake  rack  couk  be  provided  detwemi  the  two  floor.s,  or  tlie  doughs 
lowered  down  through  the  traj). 

The  preceding  may  be  taken  as  examples  of  designs  in  which  it  is 
endeavoured  to  carry  into  practice  the  principles  laid  down  in  the 

^  chajiter.  Their  adajitation  to  individual  reqiiire- 
'uents  IS  simply  a  matter  of  ordinary  professional  routine. 
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CHAPTER  XIX. 

THE  MACHINE  liAKEKY  AND  ITS  MANAGEMENT. 

522.  Sanitary  Considerations.- *T1 10  operations  of  kneading 
and  working  d<jugli  involve  severe  manual  lalioiir  in  a  lieated  atinos- 
pliere  ;  it  is  impossible  to  conduct  these  jirocesses  without  more  or  less 
containination  of  the  bread  with  emanations  from  the  skin  of  the 
workers.  In  the  best  conduct'd  bakeries  this  evil  is  re  luced  to  a 
minimum  liy  insistence  on  scrupulous  cleanliness  on  the  jiart  of  the 
workmen  ;  still,  even  the  utmost  care  cannot  entirely  abolish  the  e\  il. 
For  the  strongest  of  sanitary  reasons,  both  on  liehalf  of  the  ])ublic  and 
of  the  workmen,  operations  on  dough  demand  mechanical  appliances, 
rather  than  manual  labour.  So  forcible  are  these  reasons,  that  the 
exjiense  of  kneading  machinery  and  its  convenience,  companal  with 
ordinary  manual  processes,  become  merely  secondary  considerations. 

523.  Bakehouse  Machinery. — In  describing  this,  some  classiti- 
cation  will  be  necessaiw;  it  is  therefore  ])roposed  to  commence  with  an 
account  of  the  various  sources  of  motivi*  juiwer,  such  as  steam,  gas,  and 
other  engines  Following  on  this,  in  natural  siapnmce  the  means  of 
distributing  jiowi'r,  embodied  under  the  gener.al  term  of  “  gearing,’’^ 
engages  attention.  It  is  then  pi-opos(>d  to  take  tlu'  lloui’  as  it  enters 
the  bakery  and  follow  its  history  through  each  na'chanical  appliance 
emj)loyed,  discussing  and  describing  each  in  detail.  In  this  latter 
conne.xion,  hoists,  l)lending,  sifting,  kneading,  and  other  machim'ry,  as 
well  as  ovc  ns,  will  hi'  included. 

524.  Motive  Power.  —One  of  the  great  objects  of  m.achinmy 
being  to  save'  workmen  from  severe  manual  labour,  theie  art'  com- 
parati\'ely  few  machines  which  are  profitably  worked  by  hand,  a 
man  rightly  hf'ing  by  far  tint  most  t'.Npensive  form  of  nu're  force- 
e.xerting  cajiacity.  For  llour-sifting  purposes  machines  may  be  olitained 
which  work  well  by  hand  jiower,  tlu'  reason  bt-ing  that  comparatively 
little  force  is  requisite  to  drive  these  machint'S.  Various  knt'ading 
machines  are  also  sujtplied  which  may  bt'  drivt'ii  by  hand;  but  it  is 
moie  than  doulilful  wlietht'r  any  hand  machine  can  make  a  mass  of 
dough  with  th('  total  e.xix'nditure  of  less  force,  measurt'd  in  foot-lbs., 
than  can  the  bakt'r  working  direct  on  tlu'  dough,  ddie  worker’s  task 
may  be  lightened  by  slowing  down  sjieed  by  means  of  gt'aring,  but  in 
such  ca.ses  the  compensation  is  made  by  the  grt'ater  dt'inands  on  timt'. 
Nevertheless,  such  machines,  assuming  them  to  be  projiei-ly  designed 
and  made,  have  all  the  advantages  of  tho.se  drivi'ii  by  power  in  the  way 
of  ('idianeed  cleanliness. 
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Tn  cases  \y]iei'(>  steam  jiower  is  availal)Ie,  tliat  of  course  fonn.s  a  useful 
and  convenient  mode  of  driving.  Thus,  if  tlie  liakery  adjoins  .some 
othei  Iniilding,  such  as  a  Hour  mill,  it  is  ('conomical  anil  convenient 
(from  the  baker’s  point  of  view)  to  take  his  power  from  a  steam-engine 
tliere  running,  provii/ed  if  is  akmys  availahle  wheti  he  ivants  it.  C)r  if 
he  can  similarly  gain  acce.ss  to  a  boiler  and  draw  off  hi<di-]n’essure 
ste.am  whenever  reipiired,  it  will  be  well  to  tix  a  small  steam-en-riue 
and  run  it  as  a  source  of  power.  These  conditions  are,  however,  ran* ; 
and  certainly  the  laying  down  of  a  steam-plant,  consisting  of  boiler  and 
engine,  is  bad  economy  for  the  ordinary  baker’s  re(|uirenients  The 
keeping  uji  a  suiiply  of  steam  requires  considerable  time  and  attention, 
and  also  skill  and  experience  in  handling  lioilers  ;  while  neglect  may 
cause  serious  damage,  or  even,  in  extreme  cases,  actual  explosion.  For 

these  rea.sons  steam  engines  are  coiiq-iaratively  little  emiiloved  in 
bakeries.  “ 

^\  liat,  theiq^is  wanted  is  a  source  of  power  that  can  be  started  at  a 
imiiute  or  two’s  notice  by  a  man  not  necessarily  trained  as  an  engine 
driver,  and  which  can  be  as  quickly  stopped,  the  expen.se  of  the  source 
ot  power  being  arrested  simultaneously.  Further,  the  motor  should  not 
lie,  even  in  ca.se  of  neglect,  of  a  nature  such  as  would  lead  it  to  be  a 
•source  of  danger  to  the  employees  or  the  liuilding.  The.se  requirements 

which^foUmr  engines,  detailed  descriptions  of 

525.  Gas  Engines.  —  ft  is  of  cour.se  a  well-known  fact  that 
aj.propriate  mixtures  of  gas  and  air,  on  being  lighted,  explode  with 
considerable  violence,  and  generate  in  so  doing  a  large  amount  of  enei-y 
tor  .some  time  it  has  been  one  of  the  aims  of  engineers  to  use  the 
energy  thus  develojied  as  a  direct  source  of  power  in  a  suitable  motor, 
the  siicce.ssful  accomplishment  of  this  problem  is  witnessed  to  by  the 
number  ot  gas  engines  at  present  on  the  market.  Among  the.se  the 
writer  has  .selected  for  piirjio.ses  of  illustration  and  de.scriiition  the 
engines  ot  the  “  I  rusty  ”  Kngine  Conqiaiiy,  manufactured  by  IMessrs. 

W  eyman  and  Hitchcock,  Jduiited,  of  C'heltenham.  A  special  mison  lor 
so  doing  IS  that  Mr.  l\  D.  (teorge,  bakm'  and  confectioner,  of  (’helten- 
iiam,  IS  one  ot  the  directors,  and  in  that  capacity  has  devoted  consider¬ 
able  attimtion  to  the  de.sign  of  the  engiiu'  in  so  far  as  it  nioiv  i.articu- 
iaily  affects  baker.s.  For  example,  he  has  imsistcsl  on  the  utmost 
simplicity  ami  especially  on  attention  in  con.st ruction  to  the  i.rovision 
<i  means  tor  j.reventing  injury  to  working  jiarts  of  th.>  engin(>  by  acce.ss 
ot  flour  dust  conveyeil  by  the  atmo.sphere.  It  is  c(>rtainly,  in  .simplicity 
ot  coii.struction  ami  excellent^  of  workmanship  and  de.^ign,  admirabfy 
aiiapted  tor  use  in  bakeries. 

A  small  figure  is  here  given  of  what  may  be  taken  as  th.'  tyiiical 
torni  ot  the.se  engines,  while  further  details  may  be  galheivd  from  a 
U'  y  ot  I  late  \l.,  in  which  an  oil  engine  is  ilhistrati'd.  As  the  two 
are  in  many  ivspects  identical,  th(>  one  plate  and  set  of  lettering  serves 
equally  tor  both.  It  will  he  gathered  from  th(>  liguiv  that  the  main 
I'l'  ’  y-"heel,  crank  :iml  connecting  rod,  are  similar  in  general 
aMaiigement  to  thosi*  of  a  steam  engine.  Space  is  economiseir  by  the 
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fact  that  a  trunk  piston  is  littecl  within  tlie  cylinder,  the  connecting- 
rod  end  being  caused  to  work  on  a  pin  within  this  hollow  trunk.  This 
arrangement  is  rendered  possible  by  the  fact  that  a  gas  engine  of  this 
kind  is  single-acting  ;  that  is,  the  motive  force  is  only  ajiplied  on  the 
one  .side  of  the  2>i«ton,  in  this  case  the  bottom  of  the  trunk.  Yalves 
are  firovided  by  which  regulated  quantities  of  air  and  of  gas  are  ad¬ 
mitted  within  the  cylinder.  The  air  and  gas  are  drawn  in  as  the 
piston  makes  its  outward  stroke,  and  ari^  comjiressed  during  the  return 
of  the  piston.  This  compression  serves  first  the  useful  purpose  of 
economising  gas,  as  a  nii.vture  too  weak  to  e.xplode  at  ordinary  pressures 
does  so  on  being  compressed.  The  act  of  conqiression  help's  also  to 
“  cushion  ”  the  jiiston,  and  thus  juevent  undue  shock  to  the  engine. 
Ydien  the  piston  is  just  cat  the  bottom  of  the  stroke  the  gaseous  nd.x- 
ture  e.xjilodes,  and  .so  forces  the  piston  out  of  the  cylinder.  The  out¬ 
ward  stroke  being  made,  tlu*  lly-wheel  brings  the  jiiston  back  again, 
and  the  e.xhaust  valvi;  is  ojumed  during  this  return  stroke  to  jx'rmit 
the  contents  of  the  cylinder,  consisting  of  the  e.xjiloded  gases,  to  escajie 
through  the  e.xhaust  jiipe  into  the  atmos])here.  The  engine  makes  a 
half  revolution  after  the  completion  of  the  return  stroke  before  any 
further  gas  is  taken  in,  and  there'  is  then  a  fresh  exjdosion,  and  a  re¬ 
petition  of  the  cycle  of  events.  This  e'ngine  is  said  to  be  of  the  four¬ 
cycle  tyjie,  because  there  is  only  the  oiu'  gas  impulst'  during  four 
strokes,  /.r.,  two  outward  cand  two  return  sti'oki's. 
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l  ie.  40.  —  “  TRUSTY  '  c;AS  KNGINE,  KM)  VIEW. 


Having  explained  the  principle  on  which  the  engine  works,  a  more 
detailed  account  of  its  working  pjarts  may  now  be  given.  Figure  4G, 
which  shows  the  end  view,  and  also  Figure  40,  as  well  as  Plate  XL, 
■are  all  lettered  alike,  so  that  the  same  description  applies.  On  the 
main  shaft  at  x  is  tix(‘d  Avorni  gearing,  by  means  of  which  the  cam 
■.shaft,  w,  is  actuated.  This  carries  first,  neansst  the  worm  gearing,  a 
■cam,  by  which  the  roller,  c,  of  the  exhaust  valve  lever,  el,  is  moved. 
Another  cam  woi’ks  the  air  valve  lever,  a  L.  The  two  valves  are  best 
seen  on  the  end  view  of  the  engine,  and  are  marked  exhaust  valve,  E, 
mid  air  valve,  a.  A  crank  disc,  K  n,  is  mounted  on  the  end  of  the  .shaft, 
mid  by  means  of  this  is  actuated  the  gas  lever,  s  L.  To  this  lever  is 
■attached  a  trip  piece,  T,  which  operates  against  the  stem  of  the.  valve,  V, 
by  which  the  admission  of  the  sujiply  of  gas  to  the  cyliiuh'r  through 
the  gas-pipe,  s,  is  controlhsl.  To  jirovide  for  the  ignition  of  the  e.x- 
plosive  mixture  within  the  cylinder,  an  exceedingly  simple  form  of 
apparatus  is  jirovided.  At  the  back  of  the  cylinder,  at  l*,  is  fixed  a 
■chimney  or  jacket,  which  surrounds  the  ignition  tube,  it,  lioth  of  which 
■fire  shown  separatidy  in  section  to  the  left  of  Figure  45.  A  hole,  x, 
pas.ses  through  the  cylinder  cover  in  the  projection,  li,  and  communicates 
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direct  with  tlie  interior  of  the  cyliiuhn-.  Tlie  cliiiimey,  p,  lifts  off,  and 
the  ignition  tube  is  seen  screwed  into  the  end  of  tliis  passaffe,  X  ;  a 
ring  l)urnei',  R  li,  surrounds  ;ind  lieats  tlie  ignition  tube,  while  the  heat 
is  retaiiu'd  hy  the  ashestos-lined  chimney.  When,  therefore,  a  charge 
of  niixi'd  air  and  gas  is  coin[)ressed  in  the  cylinder,  a  portion  is  forced 
into  this  reddiot  ignition  tube,  and  then  takes  tire.  The  combustion 
passes  through  the  passage,  x,  and  communicates  itself  to  the  main 
body  of  gas  in  the  cylinder.  A  governor,  n,  is  carried  on  the  lever, 
s  L,  and  this  at  M  is  attached  to  the  hit-and-miss  arrangement  at  T,. 
by  which  the  gas  valve,  v,  is  actuated.  When  the  engine  is  running 
at  the  correct  speed,  the  governor  causes  the  triji  pieces  at  t  to  hit 
each  other,  and  so  admit  gas  as  oftmi  as  is  required.  >Should  the 
load  he  thrown  oti',  the  engine  tends  to  (juicken  her  s])eed,  and  at  once 
the  governor  causes  at  t  the  pieces  to  miss  each  other,  and  so  a  stroke 
is  made  without  any  gas  being  admitted.  If,  on  the  other  hand,  an 
extra  load  tends  to  slow  down  the  engine,  gas  is  admitted  at  each  out¬ 
ward  stroke  until  s’utHcient  power  is  being  generated  to  again  carry  the 
engine  forward  at  her  proper  speed.  These  adjiustments  take  jilace 
purely  automatically,  and  practically  without  any  perceptible  alteration 
of  the  sjieed  of  the  engine.  From  running  idle  up  to  the  maximum 
load  the  engine  is  cajiable  of  working  with,  the  governor  arranges  the 
number  of  admissions  of  gas  so  as  to  maintain  an  uniform  and  detinitt* 
speed. 

Before  attempting  to  use  a  gas  engine,  read  carefully  through  the 
jirinted  card  of  directions  always  supplied  with  it.  First  of  all,  every 
part  of  the  engine  should  be  thoroughly  clean,  and  must  be  kept  in  that 
condition.  Stie  that  all  working  parts  are  properly  oiled,  and  that 
lubricators  are  in  good  order  and  choked  nowhert'.  Lift  off  the  lid  of 
the  little  dome-covered  vessel  at  r  and  see  that  it  is  full  of  oil  :  in  this 
there  is  a  litth'  feeding  wire,  worked  by  the  belt  from  the  cam  shaft, 
liy  which  the  ])iston  is  continually  fetl  witli  oil.  .See  that  this  works 
all  right.  At  times  the  driving  belt  may  get  slack  and  .stick  ;  take  care 
that  this  do(>s  not  occur,  as  very  littk'  rinining  without  oil  will  do  most 
serious  damage  to  the  piston,  which  works  insidi*  the  cylinder-liner,  n. 
'rurn  on  the  gas  thnaigh  the  ]upe,  o,  and  light  the  ring-burner  :  this  is  a 
bunsen,  and  must  burn  with  a  non-luminous  blue  ilanie,  which  must  b(‘ 
r<'gulated  so  as  not  to  apjx'ar  above*  the  top  of  tin*  chimney.  Take*  cart* 
that  th(‘  bunsen  does  not  light  leack  ;  if  it  should  do  so,  turn  the  gas 
out,  wait  a  fc'w  seconds,  and  re  light.  It  is  well  to  tuiai  the*  g.is  full  on 
hefoi'e  ])laeing  the  light  to  tlu*  buriu'r.  In  from  thi'ce  to  five  minutes 
the.  ignition  tubee  shoidd  lx*  at  a  bright  red  lu'at.  .'^ee  that  the  main 
driving  b(‘lt  of  the  engim*  is  on  the  loose  pulhw,  and  before  turning  on 
the  gas  gi\'(*  the*  fly  wheel  a  ]>ull  I'ound  to  set*  that  everything  is  clear. 
It  doing  this  it  will  he  noticed  that,  as  flu*  jiiston  is  neaidy  finishing  it.s 
b.ack  stroke,  a  gradually  Incr(*asing  resistanct*  is  felt.  'I'liis  is  due  ti> 
the  compression  of  iiir  within  tlu*  cylind(*r,  and  in  ord(*r  to  reli(*ve  it, 
take  out  tlu*  milled  lu'ad  ]iin,  F,  and  movt*  the  roller  of  tlu*  exhaust 
l(*ver,  K  L,  to  the  left,  and  replace  tlu*  pin  to  k(*i‘p  it  in  its  place.  In 
this  way  ])art  of  the  comj)ression  is  reli(*ved  by  kt*(*ping  the  (*xhaust 
\'alv(*  jiartially  open.  Turn  on  tlu^  gas  to  the  engiiu*  by  opetnng  tlu*- 
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stop-cock,  K,  and  pull  round  the  lly-whoid,  standing;-  on  the  outsidi'  for 
that  jairpose.  The  revolution  of  the  engine  causes  the  piston  to  draw 
into  the  cylinder  the  requisite  supplies  of  air  and  gas,  througli  the 
valves  opened  at  the  right  time  for  that  purpose,  and  tlie  return  of  tla* 
piston  compresses  the  exjdosive  mixture,  forcing  it  partly  up  into  the 
ignition  tube,  where,  as  explained,  it  takes  tire,  and  thus  ignites  the 
charge  within  the  cylinder.  The  engine  then  gets  its  first  impulse,  and 
at  once  starts  working;  as  soon  as  it  has  got  up  its  speed,  return  the 
exhaust  lever  roller  to  its  proper  place  to  the  right,  and  fix  it  hy  means 
of  the  i)in.  To  stop  the  engine,  first  throw  the  driving  belt  on  to  tin* 
loose  pulley,  then  move  the  exhaust  lever  roller  over  to  the  starting 
position,  left  hand  side,  and  then  turn  off  the  gas  at  the  stop  cock,  K 
Next  turnout  the  gas  in  the  ignition  chimney.  When  the  engine  has 
come  to  a  standstill,  turn  it  round  until  the  piston  is  at  the  bottom  of 
its  stroke. 

The  ignition  tidie  of  these  engines  is  now  made  of  a  special  alloy,  and 
should  stand  from  si.x  to  twelve  months’  constant  work  liefore  requiring 
to  be  replaced.  The  directions  for  maintaining  the  engine  in  working 
order,  as  given  on  the  engine  room  caial,  need  not  be  insertial  here. 
Among  accessories  to  a  gas-engine  there  are,  first,  an  india-rubber  gas 
bag,  which  is  fixed  lietween  the  engine  and  the  gas-main.  The  object 
of  this  is  to  provide  a  reservoir  of  gas  so  as  to  prevent  the  flrawing  in 
of  gas  by  the  engine  from  causing  a  fluctuation  in  the  general  gas 
.supply.  The  exhaust  jape,  E  p,  convej’s  the  spent  "ases  away  to  the 
outside  of  the  building,  or  other  C(jnveni(mt  place  for  their  discharge. 
^Vithin  the  foundation  plate  of  the  engim*  is  fixed  a  silencing  box, 
which  almost  completely  mufHes  tlu;  sound  of  the  inrush  of  air.  In 
cases  where  almost  aljsolute  silence  is  necessary,  as,  for  example,  when 
gas  engines  are  fixed  in  hospitals,  an  additional  silencer  may  be 
arranged  for  the  (‘\haust.  This  may  consist  of  a  cylinder  of  cast-iron, 
ab(;ut  two  feet  in  length  by  a  foot  diametm'.  The  cj’liiuhu'  is  lixed 
vertically,  and  the  exhaust  pipe  led  in  tlnough  the  centre  of  flu*  Ixjtfom. 
.■\bout  thri'e  inches  iq)  a  grid  is  arranged,  and  above  this  tlu'  liox  is 
tilled,  to  within  two  inches  from  the  top,  with  clean  pebbh's  from  1 1  to  if 
inches  in  diameter.  The  exit  pipe  is  bolted  or  .sciewed  on  to  the  cylindei’ 
cover,  and  carried,  if  necessary,  right  above  the  eaves  of  the  roof.  Or, 
if  wished,  a  very  effective  mechanical  silencer  can  be  supplied  with  th(‘  en¬ 
gine.  Whenever  a  long  (*xhaust  pipe  and  silencer  is  attached  to  an  engine, 
there,  is  always  a  danger  of  their  getting  full  of  watc'r,  as  a  conden.sation 
product  of  th(!  spent  gases  from  the  cylinder.  A  drain  cock  shovdd  tlu're- 
for(‘  be  inserted  at  the  lowest  point,  and  fi-om  time  to  tiiiu!  tla*  condens(‘d 
watei'  di'awn  oil'.  In  order  to  kec'p  the  cylind(*r  cool,  it  is  water 
Jacketi'd,  and  this  jacket  connected  by  circailating  pipf'S  to  a  tank  of 
sutiicient  size.  Tlu;  taidc  must  b('  fixed  at  as  high  a  levad  as  possible, 
and  the  wat<‘r  (jutlet  [lip*;  from  tla*  engiiu*,  w  o,  must  slopi;  upwards 
throughout  its  whole  hmgth.  The  i-eturn  pipe  lixed  uiuh'r  tlu;  cylinder 
is  not  visible  in  eitlau’  of  the  ligui'ccs.  Wham  othei-  ai'rangenumts  jx'rmil, 
it  is  a  good  plan  to  liave  th(>  water  tank  on  a  lloor  above;  good  circula 
tion  is  then  easily  obtained.  The  cylinder  jacket  should  not  get  hotUn- 
than  can  be  just  borne  by  the  hand.  Tlu'  outlet  pipe  should  be  much 
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warnior  tliaii  tlie  inlet  one  :  if  tin’s  is  not  sn,  the  cireulatinn  is  obstructed. 
This  may,  perhajis,  be  due  to  the  tank  not  beini,^  full,  and  so  the  upper 
<‘11(1  of  the  outlet  piiie  from  the  engine  above  the  levcd  of  the  water  :  in 
this  case  immediately  till  up  the  tank.  Properly  speaking,  the  tank 
should  be  provided  with  a  ball-cock  by  which  it  is  kept  permanentl}^ 
tilled.  A  cause  of  stojiiiage  jieculiar  to  bakehou.ses  is  sometina's  found 
in  the  fact  that  tlour  dust  settling  in  the  water  induces  a  fungoid 
growth  over  its  surface  :  this  spreads  flown  and  stops  up  the  end  of  tin* 
circulating  pipe.  The.  n'lnedy  of  coursi*  is  to  thoroughly  clean  it. 
riiere  should  be  a  full  way  stop-cock  in  the  lower  circulation  or  inlet 
pipe,  by  which  the  water  of  the  tank  can  be  turned  off  the  engine  in 
case  it  becomes  necessary  to  discerinect  the  cylinder  for  an}'  ri'pairs. 

At  times  an  engine  refuse's  to  start,  a  fact  which  may  be  due  to 
various  causes.  Should  there  be  any  such  flifficulty,  see  first  that  the 
gas  has  Ixa'n  turned  on  everywhere,  and  that  the  burner  of  the  ignition 
chimney  is  aliglit,  and  the  ignition  tube  at  a  bright  red  heat  :  then' 
may  be  some  air  in  the  gas-pipes,  a  few  turns  of  the  engine  removes 
this,  and  it  should  then  stai’t  working  without  difficulty.  See  that  tlu' 
governor  is  not  stuck  anj'where,  and  that  it  opens  the  gas  valve  each 
time.  If  none  of  the.se  are  the  cause  of  the  trouble,  give  (‘ach  of  tlu' 
valves  a  twi.st  round  on  its  .seat  to  see  that  there  is  no  dirt  or  grit 
undermaith.  See  that  the  spiral  springs  attaclmd  to  the  valves  bring 
them  back  on  their  seats  after  being  lifted  ;  they  occasionalh’  may  stick 
back  and  l(Nive  the  pipe  open.  These  points  having  been  seen  to,  turn 
the  engine,  and  notice  whether  or  not  any  explosion  occurs  ;  the  absence 
of  such  may  be  due  to  the  gas  and  air  not  b(‘ing  admitted  in  proper 
proportions  :  open  or  shut,  more'  or  less,  the  main  gas  cock,  K,  until  this 
•  lefect  is  got  over.  Practically,  the  only  other  cause  of  non-explosion  is 
the  want  of  compression  in  the  cylinder  by  which  the  gases  are  forced 
into  the  ignition  tube.  Place  the  rollei'  on  the  exhaust  lever  into  the 
■working  position  (to  the  right),  and  })ull  the  engine  round  ;  notice 
whether,  as  the  bottom  of  the  stroke  is  n'ached,  the  resistance  of  the 
comjiressed  gases  is  normal.  If  not,  the  exhaust  valve  is  leaking,  and 
napiin's  cleaning  or  regrinding. 

Prior,  however,  to  an  engine  getting  in  a  condition  in  which  it  will 
not  start  working,  there  is  a  stage  in  which  it  works  very  badly. 
Instead  of,  with  an  average  load,  taking  gas  once  in  from  two  to  four 
revolutions,  gas  is  being  always  taken,  as  each  stroke  the  govei  nor  causes 
the  gas  viilve  to  he  op(‘ned.  This  may  be  due  to  excess,  or  the  reverse, 
of  gas  :  make  a  careful  trial,  giving  a  little  more  or  a  little  gas,  until, 
with  the  constant  load,  the  minimum  numlx'r  of  (‘xplosions  an'  caused. 
If  this  doi's  not  rena'dy  the  matti'r,  listen  to  the  ('iigine  cari'fully  and 
note  wlu'thei'  tlu!  ('xplosion  is  clear  and  sharp  :  if  followi'd  by  a  ju'culiar 
whistling  nois(i,  the  gas  is  ('scaping  thi'ough  a  h'aky  valv(',  that  at  fault 
being  usually  the  exhaust.  It  should  Ix'  taken  out  and  cleaned  and 
reground. 

Such  an'  a  few  of  the  points  to  Ix'  n'liu'iidjen'd  in  comu'xion  witli  th(' 
working  of  gas  ('iigines,  att('ntion  to  which  should  be  of  considoi'able 
.S('rvic('  to  bak(‘rs  who  an'  in  charge  of  sanu'. 

Th(‘r('  an'  many  localities  when'  coal  gas  is  unobtainable,  and 
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ronseqiUMitly  ^^Ts  engines  are  an  iinpossiliility  unless  gas  from  some  other 
source  he  obtained.  To  meet  this  want  tlie  “  I)o\vson  (his-Making 
ApparaUis  ”  has  been  designed.  The  plant  is  essentially  one  for  the 
production  of  carbon  monoxide  and  hydrogen  by  forcing  steam  through 
bright  red-hot  coke.  The  resultant  mixture  of  gases,  though  not 
adapted  for  illuminating  purposes,  serves  well  for  gas  engine  fuel?  The 
gas  may  he  used  for  running  the  Trusty  Gas  Engine  in  just  the  same 
manner  as  coal-gas. 


526.  Oil  Engines.  --For  bakers’  purposes,  Avhere  gas  cannot  be 
obtained,  the  petroleum  or  “oir’-engine  is  an  admirable  substitute. 
-  t  a  inoflerate  teiiipei*atiire  petroleum  l)oils  and  produces  an  inHain- 
inahle  vapour  wliicli  may  be  used,  in  ju-ecisely  the  same  \vay  as  "as,  as 
the  motive  jiower  of  an  engine.  Messrs.  Weyman  and  Hitchcock, 


Limited,  have  devi.sed  a  remarkably  simple  and  (‘ilicient  oil  engine 
winch  they  name  tlm  “  Trusty,”  and  which  is  illustrated  in  Figure  47, 
and  also  in  Plate  XT."  The  lettering  of  the  plate  is  for  the  same  iiarts 
tlie  saiiH!  as  that  in  Figures  45  and  4(i. 

Having  to  work  with  petroleum  vajiour  instead  of  ga.s,  the  first  and 
essential  part  of  the  oil  engine  is  the  vapouriser.  This  is  a  simple 
jacket,  V  A  p,  attach(.‘d  to  the  cylinder  cov(‘r  of  the  engiiu'  in  which  the 
oil  IS  first  heated.  The  vapouriser  of  the  oil  engine  has  to  perform 
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ju’iictically  all  tlio  functions  of  the  ga.s  W(jiks,  the  raw  material  hein<' 
oil  instt'ad  of  coal.  The  petroleum  having  once  heen  converted  into 
\apour,  tlu‘  working  of  the  oil  engine  is  simj)ly  that  of  the  gas  migine. 
So  ahsolutely  is  this  tlie  case  that  the  \  upouriser  of  the  “  Trusty  ”  oil 
engine  may  be  detacluHl,  and  gas  connected  on  to  the.  cylinder,  when 
the  working  may  be  conducted  as  usual  with  the  gas  engine.  Or,  con- 
ver.sely,  ii  gas  (‘iigine  may  have  a  vajiouriser,  and  other  necessary 
j)etioleum  littings  attached  to  it,  and  becomes  an  oil  engine. 

Explaining  first  in  detail  the  oil  treating  parts,  there  is  an  oil 
reservoir,  o  it,  in  which  a  supply  of  oil  is  placed.  From  this,  by  means 
of  t  he  pump,  o  P.  oil  is  drawn  over  into  the  vajiouriser,  v  A  p.  When  the 
engine  is  running,  the  heat  of  condnistion  witliin  the  cylinder  suffices  to 
maintain  the  vajiouriser  at  a  sufficiently  high  temjierature  to  vajiourise 
the  oil  as  retjuired.  Starting  with  the  engine  cold,  a  powerful  jjetro- 
leum  lamj)  is  jirovided  by  which  the  initial  heat  of  the  vajiouriser  is 
obtained,  this  lamji  being  jilaced  for  the  jiurjiose  beneath  the  vajiouriser. 
It  is  of  imjjortance  that  the  vajiouriser  be,  while  working,  at  the  right 
temjierature,  for  if  too  cold,  sufficient  vapour  is  not  generated,  while, 
when  too  hot,  the  oil  sutlers  decomjiosition,  and  is  sjilit  uji  into  fixed 
gases,  which,  ujion  combustion  within  the  cylinder,  throw  down  tariy 
jiroducts.  The  j.mmji,  o  P,  is  worked  by  the  same  lever  as  that  which 
actuates  the  gas  valve,  and  is  so  adjusted  that  each  stroki*  of  the  jiumji 
raises  sufficient  oil  for  one  exjilosion  within  the  cylinder.  The  result 
is  that  the  governor  not  onl\’  regulates  the  number  of  exjilosions,  but 
also  .simultaneously  governs  the  ijuantity  of  oil  sujjjilied  to  the  engine. 
J4y  means  of  an  ovei'-flow  jiijie,  an}'  oil  which  escajres  volatilisation 
returns  to  the  oil  reservoir.  The  ignition  chimney,  P,  is  fixed  to  the 
left  of  the  vajiouriser,  and  is  heated  by  the  lamji,  l  L,  of  which  wii  is 
the  wick-holder.  Provision  being  thus  made  for  the  sujijily  of  oil  to 
heat  the  ignition  tube,  and  of  oil-gas  through  valve  V  to  the  cylinder, 
the  engine  works  in  the  same  manner  as  has  jireviously  heen  described 
for  the  gas  engine. 

Starting  with  the  engine  cold,  see  that  all  is  jierfectly  clean,  and 
working  jiarts  well  oiled,  as  for  gas  engine,  also  that  the  water  sujijily 
to  the  cylindei-  jacket  is  right.  Twist  the  valves  to  see  tliat  they 
work  freely,  and  that  they  are  jirojierly  on  tlanr  seats.  Wove  each  of 
the  valve  levels,  and  notice  jiarticularly  that  tlu'  valves  do  not  stick, 
but  are  jiromjitl}  brought  back  by  means  of  their  sjirings.  Turn  the 
lly-wheel  round,  and  see  if  the  eomjiression  is  all  right. 

'  The  Sfar/inte;  Lamp.  -This  is  a  jiressun'  lamji,  in  which  a  fiiu' jtd  of 
jietroleum  is  forced  by  air  jiressure  into  the  llame  of  a  burning  wick. 
Partlv  till  the  lamji,  and  jiour  also  a  little  oil  diri'ct  on  the  wick  :  light 
.same,  and  after  aliout  a  minute  get  uji  juessurc'  in  the  lamji  reservoir 
l,y  nusins  of  the  jiumji  attached  for  that  jiurjiose,  turning  the  cock  otf 
while  so  doing.  Then  slowly  ojien  this  cock  until  the  llame  Inirns 
steadily  and  regularly.  This  lainji  is  then  jilaced  under  the  small  tube 
beneath  the  vajiouriser  for  about  ten  minutes,  in  which  tinit'  the  vajiour¬ 
iser  should  have  got  sufficient  ly  hot.  About  three  minutes  before  the 
engine  is  required  to  start,  light  tin'  ignition  lamji,  in. 

Staiiing. — I’umji  a  small  (juantity  of  oil  into  the  vajiouri.ser  by  mi'ans 
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of  tlie  handle  on  (lie  oil  puinp,  o  P.  Shut,  or  nearly  shut,  the  air  suiiiily 
handle,  a  ii  (when  shut,  this  handle  is  upright).  Shift  over  (he  roller 
on  the  exhaust  h'vei',  i;  l,  as  in  the  gas  engine,  holding  it  in  the  iiosi- 
tion  to  the  left  by  the  niilled-h(‘ad  pin,  f.  Lay  hold  of  the  lly-wh(>e] 
and  give  the  engine  one  or  two  sliarj)  turns,  when  it  should  take  an’ 
explosion  and  start  :  return  the  exhaust  lever  roller  to  its  workiin-- 
position.  The  engiiu'  being  started,  the  air  pump,  a  p,  will  cause  a 
blast  of  air  across  the  llaine  ojiposite  the  hole  in  the  ignition  chimney 
P.  This  blast  can  be  regulated  l.y  the  ta])  on  the  air  pipe,  and  will  in 
two  or  three  minutes  heat  the  ignition  tube  to  a  red  heat.  4'he  start¬ 
ing  lamp  is  then  taken  away  and  extinguished. 

A  very  important  point  in  starting  the  engine  is  the  adjustment  of 
the  air  supply  by  means  of  handle,  a  ii,  which  opens  and  shuts  the 
throttle  v.-dve  in  the  air  pipe.  At  the  start  very  little  air  is  rec.uired 
while  as  the  vapouriser  gets  to  the  right  heat,  the  amount  should  be 
iiici eased.  .Sometimes  a  little  more  oil  being  juimjied  up  will  help  the 
stiu-ting  ;  but,  on  the  other  hand,  too  much  oil  will  prevent  the  emdiie 
going  oti.  This  is  a  luatter  easily  learned  by  practice,  but  a  very  <rood 
guide  to  the  condition  of  things  within  the  cylinder  is  obtained  by 
watching  the  exhaust.  If  clouds  of  vapour  are  issuing,  there  is  too 
much  oil  or  too  little  air,  or  the  parts  are  not  warm  enough  on  startim-- 
If  the  charges  do  not  ignite,  the  cause  is  proliably  the  .same,  or  the 
Ignition  tube  may  not  l.e  hot  enough.  When  the  engine  is  workiio' 
wit  1  a  fair  or  heavy  load,  the  exhaust  should  be  invisible,  or  only  just 
visible,  with  a  blue  tinge  ;  with  a  small  load,  the  exhaust  is  a  bluish 
white  ;  and  with  no  load  is  almost  always  white.  AVhen  the  exhaust 
IS  hack  and  sooty,  the  oil  is  being  burnt  in  the  cylinder,'  and  althomdi 
the  engine  may  work  in  this  condition,  sooty  deposits  will  take  i.lace 
and  the  vapourrser  will  have  to  be  taken  olf,  and  it  and  the  valves  and 
air  pas.sages  thoroughly  cleaned  every  two  or  three  weeks.  Oil  burnimr 

little  li?  to  oil  being  supi.lied  in  excess  with  too 

///;h.'.-Should  the  vapouriser  become  too  cold,  siiHicient  vapour  is 
not  given  otl,  and  the  engine  takes  its  charge  without  any  result  no 
combustion  occurring,  and  no  impulse  being  given  to  the  pi.ston.  This 
sometimes  tends  to  very  loud  explosions  in  the  exhau.st  pipe  The 
unhred  charge  in  the  exhaust  may  be  lired  by  the  nexJ  exploded 
c4iarge  ;  but  moiv  fre.iuently,  if  not  enough  vapour  is  made,  the  charge, 
jeing  weak,  is  bred  very  late,  and  continues  burning  in  the  cylinder 
until  the  next  charge  is  drawn  in,  when  the  incoming  charge  takes  lire, 
ami  what  is  called  a  premature  explosion  takes  place,  a  rumbling  .sound 
being  heard  in  the  air  box  or  underneath  the  engine.  When  too  much 
vapour  IS  admitted,  the  charge  has  too  little  air  to  take  lire,  and  .so 

di;r'l"''"'irr"”'‘f‘'  weakened 

loun  by  a(  (htional  air,  and  is  ignited  with  loud  explosion  by  tlu>  ne.xt 

laige  bred.  1  liese  minor  inconveniences  need  only  to  be  known  to  at 

once  apply  the  renimly :  it  therefore  well  repays  (h<-  user  of  each 

c  i^iiie  to  .study  its  behaviour,  ami  in  a  short  time  learn  to  fully  control 

smooth  .iml  regular  workiim’.  ‘ 
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Occasionally  the  ignition  tube  of  an  engine  is  liable  to  become 
choked  l)y  carbon  deposited  within  ;  the  reined}'  is  to  unscrew  the  tube 
and  chain  it  out. 

Whenever  the  cooling  water  in  the  cylinder  jacket  gets  too  hot,  and 
the  exhaust  gases  are  drawn  by  any  means  back  into  the  cylinder,  or 
the  vapouriser  gets  so  hot  as  to  form  fixed  gases,  a  sticky  formation 
takes  place  on  the  cylinder  walls,  which  gradually  glues  the  piston  to^ 
the  cylinder.  A  little  soap  and  water  put  on  while  the  engine  is 
working  will  remove  this.  It  may  be  taken  as  a  general  rule  that  oil 
engines  reijuire  the  circulating  water  to  be  kept  cooler  than  with  gas 
engines,  and  therefore,  it  becomes  espei  ially  important  to  see  that  the 
circulating  arrangements  are  perfect.  There  should  be  no  sharp  angles, 
or  descending  pieces  in  the  outflow  pi})e,  and  the  cooling  tank  should 
be  fixed  as  high  as  j'ossible,  preferably,  as  before  .suggested,  on  a  floor 
above. 

Efficiency. — Beaumont  has  made  a  series  of  imjiortant  trials  of  the 
efliciency  of  this  engine.  He  finds  that  it  works  with  petroleum  oils 
of  practically  any  kind,  such  as  are  supplied  for  lamp  and  other  pur¬ 
poses.  The  vapouri.ser  gave  no  trouble,  and  no  deposit  whatever 
occurred  within  it  ;  there  was  perfect  combustion  within  the  cylinder, 
with  no  deposit  there  ;  and  a  practically  invisible  exhaust  when  work¬ 
ing  with  a  full  load,  the  exhaust  gases  being  dry  and  free  from  oil  in 
any  form. 

Tests  were  made  both  by  the  indicator  and  with  a  friction  or  brake 
dynamometer.  The  running  of  the  engine  was  very  regular,  and 
when  at  half  power  the  speed  was  within  O'l  per  cent,  that  at  full 
power.  The  oil  used  in  the  trials  xvas  Royal  Daylight,  costing  in 
quantities  about  4d.  per  gallon.  As  a  result  of  the  trials,  it  was 
ascertaiiu'd  that  the  cost  of  working  a  G-horse  power  engine  with  oil  at 
4d.  gallon,  on  full  power  load,  is  about  one-third  of  a  penny  per  in¬ 
dicated  horse  power  jier  hour.  Bcxiumont  concludes  his  report  by 
remarking  that  “  these  trials  confirm  others  previoush'  made,  and  show 
the  great  economy  now  achieved  by  a  veiy  simple,  form  of  oil  engine, 
and  one  which  is  easily  managed  without  a  .skilled  attendant.” 

With  the  advent  of  such  sinqile  and  satisfactory  oil  engines,  the  pro¬ 
blem  of  the  sup})ly  of  power  to  bakeries  in  districts  where  there  is  no 
gas  may  be  looki'd  on  as  solved.  'Phis  is  particularly  so  with  an  engine 
like  the  Trusty,  which  can  at  any  futuri'  time  bii  converted  into  a  gas 
engine  in  case  of  gas  being  availabh;  and  [ireferred  to  oil. 

527.  Gearing.  -Under  this  heading  is  included  all  appliances  by 
which  power  is  transmitted  from  the  engine  or  other  piame  mover  to 
the  vai'ious  machines.  A  moment’s  considi'ration  shows  that  the  power 
of  the  engiiK!  is  engaged  in  causing  rotary  motion  of  the  main  shaft ; 
furtlu'r,  tiiat  all  machines  are  actuated  or  drivmi  by  causing  the  shaft 
or  spindle  by  which  the  iiower  fir.st  miters  the  machine  al.so  to  rotate. 
Conseiiuently  all  gearing  is  practically  composed  of  devices,  having  as 
their  object  the  transmission  of  rotary  motion. 

Shafting.--  'Phe  fii'.st  reqiiisiti'  in  gearing  consists  of  the  shaft,  which 
must  be  of  suflicient  thickne.ss,  and  turned  absolutely  circular,  and  of 
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uiiiforin  diaiiK'toi-  tliron,i,dioiit  its  liMii’tli.  The  slniftiiig  is  siipportf'd  on 
hearings  or  pi'dostals,  wliic-li  an'  caniod  in  vai'ious  ways  accoi-ding  to 
tliP  structure  of  tin*  Imilding.  Provided  tin*  tloor  joists  al)Ove\re 
sullieiently  strong  and  rigid,  the  pedestals  may  1m'  fixed  on  “  liangers  ” 
l)olt(‘d  up  to  the  joists.  These  liangers  may  lie  single  or  J-shaped,  or 
douhle.  Tlie  former  arrangement  permits  the  shafting  to  he  more 
easily  removed  ;  hut  the  douhle  hanger  is  hy  far  tin*  more  rigid.  If 
shafting  he  earried  hy  hangers  attached  to  wooden  joists,  especially  in 
a  new  Imilding,  it  Ixmomes  necessary  to  examine  and  readjust  it  after 
heing  up  a  few  weeks,  as  with  .settlement  of  the  walls  there  is  almost 
sure  to  he  a  drop  somewhere.  At  times  shafting  is  instead  carried  on 
wall  hrackets,  which  possess  the  merit  of  greater  rigidity  ;  hut  in  order 
to  carry  the  .shafting  sufficiently  far  from  the  wall  to  admit  of  pulleys 
of  the  largest  size  requisite,  it  is  necessary  to  use  rather  long  brackets. 
.Man}-  of  the  machines  in  a  bakery  are  comparatively  slow  running, 
heavy  power-ah.sorhing  machines,  which  throw  a  great  strain  on  the 
shafting  at  the  imints  from  which  the  power  is  taken.  Such  shafting 
shouhl  therefore  be  carried  in  long  and  very  accurately  turned  liearingK 
It  is  not  too  much  to  recommend  that  for  this  purpose  all  hearings  he 
made  four  times  the  length  of  the  diameter  of  the  shafting.  Lateral 
motion  of  the  shaft  is  prevented  hy  having  collars  on  the  shaft,  which 
are  tixed  against  the  faces  of  some  of  the  hearings  •  preferahlv  these 
collars  are  welded  on  the  shaft  itself,  so  as  to  he  immovable.  "When 
made  to  slide  along  the  shaft,  they  are  fixed  by  means  of  set  screws  ; 
there  should  he  a  well  mai-ked  “  countersink  ”  in  the  shaft  to  take  the 
end  of  the  .set  screws,  of  which  there  should  he  two  on  each  collar. 
Set  screws  with  projecting  heads  are  objectionable,  as  they  are  liable  to 
catch  in  the  clothing  of  a  workman  oiling  the  adjacent  hearing.  In 
every  length  of  shafting  there  should,  if  possilile,  be  one  hearing''’which 
Is  ti.xed  direct  to  the  wall  hy  means  of  a  wall-box  propeidy  Iniilt  in. 
The  shaft  collars  should  work  against  a  wall-box  hearing.  If  it  so 
happens  that  it  is  impo.ssihle  to  obtain  a  fixing  to  the  wall,'^then  one  of 
the  hangers  or  hrackets  should  he  stayed  .so  as  to  he  absolutely  rigid  in 
the  line  of  direction  (if  the  shafting,  and  the  collar-carrying  hearing  or 
jiedestal  tixed  on  this.  ^ 

With  true  shafting  and  sufficient  hearing  surface,  the  first  problem 
in  erection  is  to  arrange  that  the  shaft  shall  he  absolutely  horizontal 
throughout  its  whole  length,  and  also  parallel  to  the  main  wall  or  other 
desired  line  of  direction  of  the  building.  The  pedestals  and  supports 
must  not  he  too  far  apart,  and  should  be  so  arranged  as  to  carry  the 
shaft  as  closely  as  possible  to  the  places  where  pulleys  for  heavy  drives 
are  tixed.  The  arranging  of  all  this  is  largely  the  work  of  the  engineer 
by  whom  the  plant  is  designed,  but  it  often  devolves  upon  the  liaker  to 
see  that  this  condition  of  things  is  maintained.  The  .shafting  .should 
show  no  signs  of  “.sagging,”  nor  .should  there  lx*  any  up  and  down 
movement  in  it  when  running.  AVhether  or  not  it  is  horizontal  may 


re;u 


lily  be  determined  by  nuxins  of  a  plumb  line.  Suspend  a  leaden 


Iilummet  from  the  ujiper  edge  of  one  of  the  largest  pulleys  on  the  shaft, 
and  notice  whether  the  cord  just  e.xactly  touches  both  top  and  bottoin 
edges  of  the  pulley— if  the  edge  of  the  pulley  is  yertical,  then  the 
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shafting  is  horizontal.  It  is  very  neces.sary  to  .see  tliat  the,  sliafting 
continiu's  true,  as  otherwise  tlie  various  lielts  ar(‘  likely  to  run  oti‘  the 
pulh'ys.  If  either  end  of  the  shaft  has  (Iroj)jied,  it  may  he  flue  to  nuts 
shaking  loose  on  the  hanger.s — see  that  the.se  are  all  tightened  up,  aiul, 
if  necessary,  raise  one  of  the  pedestals  hy  packing  it  underneath  witli  a 
thin  piece  of  luird  wood. 

The  speed  at  winch  sliafting  is  driven  must  depend  somewhat  on  that 
of  the  machines  to  ht*  driven  from  it.  For  most  hakery  purposes  a 
speed  of  from  100  to  120  rffvolutions  jier  minute  is  a  very  convenient 
rate. 

Pulleys.-  -It  is  unnecessary  to  describe  the  shajie  of  the.se,  as  everyone 
must  be  familiar  with  their  use  for  the  purpose  of  carrying  a  belt  on 
the  outside  face.  Pulleys  are  turned  either  Hat,  that  i.s,  of  uniform 
diameter  throughout  their  whole  width,  or  “  rounded,”  in  which  case 
the  diameter  in  the  centre  is  rather  more  than  at  the  edges.  A  rounded 
pulley  causes  the  running  belt  to  kee})  in  the  centre,  since  belts  always 
tend  to  climb  to  the  greatest  diameter  of  a  pulley.  Pulleys  may  either 
be  cast  in  one  2Jiece,  or  made  in  halves  and  bolted  together  around  the 
shaft.  In  the  former  case  the  pulley  must  be  slid  over  the  end  of  the 
shaft  and  jmshed  uj.)  to  its  i^lace,  an  ojieration  which  necessitates  the 
dismantling  of  the  shaft,  and  j^o-ssibly  other  jiulleys  in  event  of  it  being 
required  to  put  a  new  one  on.  The  whole  pulleys  are  usually  tixed  on 
the  shaft  by  means  of  a  “key,”  a  groove  is  cut  longitudinally  through 
the  hole  in  the  jmlley,  and  either  a  corresponding  groove  is  cut  in  the 
shaft,  or  else  a  “  Hat  ”  is  tiled.  The  former  is  to  be  jireferred  for  heavy 
drive.s,  while  the  latter  suHices  for  light  machines.  The  siilit  pulley  is 
for  most  iiuiqjoses  far  the  more  convenient.  A  new  pulley  may  be 
placed  on  any  part  of  the  shaft  without  any  disturbance  whatever  of 
pre-existing  arrangements.  A  very  convenient  form  of  these  jiulleys  is 
one  in  which  the  two  halves  are  jilaced  around  the  shaft  and  bolted 
together.  A  kind  of  bush  is  arranged  to  run  inside  the  hole  of  the 
jjulley,  this  has  a  roughened  interior  surface  so  as  to  bite  on  the  shaft — 
the  outside  is  cut  with  a  screw  slightly  larger  at  one  end  than  the 
other — the  pulley  is  screwed  on  to  this  bush  over  the  small  end,  and 
the  further  it  is  screwed  iqi  the  tighter  its  griji.  It  must  be  arranged 
so  that  its  drive  is  such  that  the  work  thrown  on  the  jiulley  tightens  it 
on  the  bush.  The.se  jndleys  are  readily  adjusted  and  work  very  well. 

The  engine  is  usually  connected  to  the  main  shaft  liy  means  of  a  belt 
working  on  a  jiair  of  “fast  and  loose”  [lulleys.  Care  must  be  taken 
with  the  engine  (and  all  machines)  that  the  jiulleys  are  “lineable”  with 
each  other,  that  is,  a  cord  stretclusl  along  the  edges  of  the  pulleys 
should  touch  the  jiair  of  edges  of  both  judleys  when  tiled  tirst  on  one 
side,  and  then  on  the  other  (assuming  of  cour.se  that  the  indleys  are  of 
equal  width).  A'hatever  the  width  of  the  engine  jiulley;  on  the  main 
shaft  are  two  pulleys  of  just  half  the  width  each,  one  of  which,  the  fast, 
is  keyed  on,  and  the  other  with  a  long  liearing  runs  loose,  being  held  in 
its  jilace  by  a  collar  on  the  outside.  The  size  of  the  shaft  ))ulleys  must 
be  determined  by  the  rate  of  sjieed  of  the  engine,  size  of  its  driving 
jiulley,  and  sijeed  at  which  it  is  desinal  that  the  shaft  shall  run.  It  is 
u.seful  to  bear  in  mind  in  this  connexion  that  of  two  .shafts  coupled  up 
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M  ith  a  bolt,  tlu'ir  spood  is  in  iiivorso  proportion  to  tlio  (liiiniotin-  of  the 
pulleys  ()n  eaeh.  Thus,  supposin^^  the  en,i-ine  shaft  to  be  inakin<,^  200 
n'volutions  per  minute',  and  its  jadley  to  Ik'  2-1-  inehes  in  dianietc'i”  and 
that  the  main  shaft  is  I’eejuired  to  run  at  120  revolutions,  then 


As  120  :  200 


-10  =  diamete'r  of  ])ulle3's  on  main  shaft. 

ivnowini;'  anj'  thi-ee  of  tlu'  above  data,  the  fourth  is  easily  calculated  by 
<111  ordinaiy  juoportion,  as  shown. 

In  transmitting  power  generally,  it  is  well  to  use  large  pulleys,  thus 
the  lelath’e  speed  of  twe)  shafts  will  be  the  same  whether  they  carry 
10  and  15-incli  pulleys,  or  20  and  dO-inch  pulleys  respectively  ;  but  the 
strain  on  the  belt  in  the  latter  case  will  only  be"  half  that  in  the  former, 
ihe  steam  and  Hour  dust  in  a  bakery  combine  to  render  the  adhesion 
between  the  surface  of  the  pulley  and  that  of  the  belt  less  than  the 
normal,  consequently  it  is  well  to  have  an  ample  margin  of  pulley 
capacity.  This  is  obtained  by  using  as  large  and  wide  pulleys  as 
convenient. 

Belts  are  commonly  made  of  leiither,  either  in  single  or 
double  thicknesses,  according  to  the  strain  to  be  carried.  Wlimi  the 
l)elt  runs  round  the  pulkw's  in  the  ordinary  way,  with  the  belt  open,  the 
direction  of  revolution  of  the  two  shafts  is  the  same.  When  the  belt  is 
ciossed  in  the  middle,  the  one  sluift  runs  in  the  opposite  direction  to  the 
other.  The  joint  in  belts  may  be  made  by  lacing,  in  which  case  the 
edges  of  the  belt  should  lie  jjaired  down  in  order  to  make  a  “  scarfed  ” 
joint,  otherwise  there  is  a  disagreeable  jump  when  the  laced  part  is 
passing  over  a  pulley.  In  arranging  the  belt,  care  should  be  taken  that 
the  lacing  is  so  done  that  the  thin  end  of  the  joint  leaves  the  pulley 
ast,  otherwise  it  imiy  get  turned  over  by  the  pulley,  and  the  lacing 
broken.  A  moment’s  reference  to  a  running  belt  will  make  this  clear- 
considering  solely  the  of  the  jointed  belt,  there  is  one  end  which 

•shows;  now  the  lacing  part  should  travel  this  end  when  the  belt 

IS  running  ;  in  other  words,  on  the  inside  of  the  belt  the  enl  should  be 
drawn  ci//er  the  running  belt,  and  not  pushed  in  front.  With  very 
thick  (;.(?  (louble)  laced  belts,  the  overlapjiing  joint  reijuires  to  be  made 
very  careiully,  or  the  jolt  on  the  machinery  will  be  seriously  felt,  parti- 
cularly  as  in  a  bakery  the  drives  are  usually  short.  In  such  cases  a 
nitt  joint  witli  a  piece  on  the  top  is  advantageously  employed.  The 
two  ends  of  the  belt  are  cut  s.iuare  and  placed  together,  and  a  piece 
placed  on  the  top,  and  laced  to  the  two  belt  ends.  A  smoothly  runniim- 
)e  t  IS  thus  obtained.  Other  devices  are  now  frequently  employed 
instead  of  lace.s  tor  belts:  very  convenient  among  the,se  are  what  are 
known  as  Harris  Belt  Fa.stener.s.  These  consist  of  rectangular  plates  of 
mcilleable  ca.st  non,  with  on  the  one  side  rows  of  tc'eth  or  nails  cast  on. 

ith  smaller  belts,  it  is  a  very  sinqile  matter  to  bring  the  ends  of  the 
a-lt  together  so  as  to  form  a  “butt ’’joint,  and  then  hammer  on  the 
tastener  with  a  hammer.  For  even  the  heaviest  thickness  belts,  joints 
can  wel  be  made  with  these  fasteners,  provided  some  sulliciently  lieavy 
tor  the  bi'lt  are  obtaine.l.  The  teeth  on  the  fastener  should  be  a  si.v- 
teenth  of  an  inch  less  in  length  than  the  thickness  of  the  belt.  AYhi'ii 
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iilwaj's  be  einplin'ecl,  eac-Ii  Iji'inj:;’  ii  little  h-ss  tliaii  lialf  tlie  width  of  tiie 
lielt.  in  niakin,<t  a  joint  in  a  new  licit,  it  should  lx-  reinembeied  that 
the  b(4t  sti'ctclies  very  considerably  :  it  is  therefore  safe  in  a  belt,  say 
20  feet  in  length,  to  cut  it,  to  start  with,  six  inches  shoi'ter  than  it  can 
be  drawn  around  the  pulleys  by  hand.  The  (-nds  of  the  belt  should  be 
marked  oil’  exactly  sipiare  with  a  carpenter’s  scpiare,  and  cut  perfectly 
clean,  and  at  right  angles  to  the  thickness  of  the  belting.  First  of  all, 
see  that  the  Indt  is  properly  I’ound  th(‘  pulleys  and  shaft  which  are  tfi 
be  connected.  Then  turn  the  belt  so  that  tin*  inside  lies  uppermost, 
and  place  it  down  on  a  heavy  weight.  La}'  the  fasteneis  down  on  tin- 
weight  with  the  teeth  upwards,  and  jilaci*  the  ends  of  the  belt  in  exactly 
their  right  places  on  it.  (let  some  assistance  to  hold  the  belt  in  exactly 
the  right  jiosition,  and,  with  a  heavy  hammer,  drive  the  leather  down 
on  to  the  teeth  of  the  fasteners.  With  the  joint  properly  made,  there 
is  no  danger  of  tlu-  fastener  tearing  out. 

In  designing  machines,  it  is  well  to  arrange  that  the  belt  runs  at  a 
fairly  high  rate  of  sjieed,  and  that  it  is  of  ample  width  for  the  work  it 
has  to  do.  The  rule  for  the  baker  using  the  machiiu-  is  to  have  the 
belt  as  slack  as  jiossible,  provided  it  drives  the  machine  without  slipping. 
Where  it  is  practicable  to  do  so,  the  drive  of  the  Ix-lt  shoukl  be  of  a 
good  length,  as  nearly  horizontal  as  possible,  and  with  the  slack  side  of 
the  belt,  w'hen  lanniing,  on  the  upiiermost  edges  of  the  pulleys. 

IE  a  belt  commences  to  slip,  tlu-  probable  reason  is  that  it  has  become 
slack  through  stri-tching.  To  remedy  this,  tighten  tlu-  belt ;  this  nia}' 
be  done,  when  laced,  b}-  taking  it  uji  a  hole.  In  the  case  of  fastt-ners, 
as  before  referred  to,  it  is  well  to  cut  the  fasteners  right  oil’  on  each 
side,  and  striji  the  short  jiieces  oil'  the  teeth,  and  make  a  completely 
new  joint.  Unfortunately,  at  times,  there  are  machines  in  which,  how¬ 
ever  tight  the  belt,  a  tendency  to  slip  exists.  To  increase  the  grip  of 
theise  some  dressing  is  frecjueutly  employi-d.  For  a  momentary  slipping 
a  little  powdered  resin  strt-wed  on  tlu-  inside  of  tlu-  belt  is  a  ready  and 
t-tiicient  cure.  AVhen  a  Ix-lt  has  grown  hard  and  slippery,  an  occasional 
dressing  of  oil  is  an  advantage.  Thi.s,  however,  must  be  put  on  and 
allowed  to  dry  in,  as  at  first  an  oiled  belt  refuses  to  grip  at  all.  Oil  in 
which  a  little  resin  has  been  dissolved  vei-y  considerably  incn-ases  tlu- 
gripping  pow(-r  of  a  belt,  and  does  not  seem  to  cau.se  any  injury  to  tlu- 
leather.  Treacle  is  sonu-tinu-s  apjilic-d  to  belts  in  ord(-r  to  pn-vi-nt 
slipping:  this,  however,  is  only  uu-ntioiu-d  in  order  to  givt-  it  tlu-  most 
severe  coiuh-mnation.  While  it  givu-s  a  temporary  gripping  juiwer,  the 
belt  is  rapidly  destroyed,  and  soon  b(-conu-s  absolut(-ly  rotten. 

When  fast  and  loose  pulh-ys  are  i-mployed,  the  Ix-lt  is  transferred 
from  one  to  the  otlu-r  by  means  of  an  iron  fork  ;  this  should  be  arranged 
near  to  oiu-  of  tlu-  pulk-ys,  and  always  so  that  (he  lu-lt  runs  from  tlu- 
fork  to  the  pulh-y. 

Rope  Gearing. —  In  jdacc-  of  belts,  i'o})(-  is  now  at  tinu-s  employed.  In 
these  cases  the  rope  runs  in  a  V-shaped  gi-oovc-  in  the  pulh-ys.  The 
same  I'ules  as  to  n-lative  s])0(-d,  cross(-d  or  open  bi-lts,  ujiply  to  rojie 
drives  as  to  leather  belts.  lloiii-  jiossc-sses  an  advantage  that  it  can  In- 
bent  in  any  din-ction,  and  thus  a  tlrivi-  may  In-  taken  round  corners 
when  power  has  to  be  transmitt(-d  in  other  than  a  din-ction  at  right 
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-.mules  to  the  line'  of  .sluittinif.  \\  itii  a  viay  long  rope  drive*,  the  rope* 
shenild  he  earrie*el  at  intervals  of  its  length  on  “jockey”  pulleys.  An 
e.xainple  of  this  is  she)\vu  in  Plate*  JX.,  where  such  ei  elrive  is  (*mi)le)yeal 
for  eictualing  the  machinery  on  the  confectie)nery  side. 

Lubriiatuig. — It  is  essential  for  the  proper  I'uniung  of  not  only 
ge'cii  ing,  hut  iilse)  of  ;ill  eether  machine*ry,  that  .all  parts  where  there  is 
fiiction  he  kept  thorouglily  luhricate*el.  On  the  upper  parts  of  all 
he-armgs  there  are*  commonly  holes  through  which  oil  can  he  poure*d. 
It  IS  vei-y  rarely  neew,  howevei*,  that  this  primitive  form  of  luhriceition 
IS  ale^uie  dei)enele*d  e)n,  there  being  used  certain  foi*ms  eef  luhricator 
which  have  as  their  eehject  the  continuous,  anel  more  eer  less  automatic 
luhricatioii  e)f  each  hearing.  * 

Twe)  feernis  of  luhricator  ma}"  he  ele.sorihed.  One  of  these  is  the  oil 
luhric.ator.  I  his  consists  of  a  small  glass  flask  or  hottle,  titt(*d  with  a 
'soeeeleii  plug,  which  is  also  tapered  on  the  outsiele,  and  in  this  wey 
fitted  to  the  oihhole  of  the  hearing.  Through  tin*  plug  is  a  hole,  in 
which  is  i)ut  a  piece  of  stout  iron  wire  just  slack  enough  ito  move  freely 
by  Its  own  weight.  The  ves.sel  is  filled  with  oil,  the  plug  inserted,  and 
tlien  inverted,  and  put  iu  the  liole  of  tlie  beariuu^.  Tlie  wire  drops  down 
tlnough  on  to  the  toji  of  the  revolving  shaft,  and  very  slowly  the  oil 
finds  its  way  down  it,  and  so  lubricates  the  h(*aring.  AVhen  properly 
worked,  this  is  an  efficient  luhric.ator  ;  a  glance  shows  whethei*  any  oil 
remains  in  it ;  as  soon  as  empty  it  .should  of  course  he  refilled  It  is 
not  well,  however, -  'to  trinst  too  completely  to  the  part  of  the  glass  still 
-containing  oil :  from  time  to  time  it  should  he  taken  out  and  examined 
to  see  that  the  oil  passage  is  not  stopped.  Periodicallv,  the  upper  jiart 
or  cap  of  the  hearing  should  be  removed,  and  the  oil  channels,  which 
are  cut  m  hranclnng  directions  from  the  oil  hole,  cleared  out,  so  as  to 
ensurt*  proper  distribution  of  the  oil. 

Another  form  of  luhricator  is  that  known  as  .Stauffer’.s,  and  consists 
o  a  small  cast-metal  box  or  cylinder,  screwing  down  over  a  piston,  cut 
with  a  line  gas  thivad.  The  piston  portion  is  screwed  at  the  other  end 
to  fit  in  th(*  hearing  which  has  lieen  tapped  to  take  it:  a  small  hole  is 
hored  through  the  whole  of  this,  leading  from  the  int(*rior  of  the 
cylinder  right  into  the  hearing.  In  use,  the  cylinder  is  filled  with  a 
siiecial  senn-solid  gr(*ase  or  lubricant,  and  screwed  on  to  the  iiiston  • 
with  each  turn  of  the  .screw  a  little  of  the  lubricant  is  forced  into  the 
liearing,  until  at  last  the  piston  screws  right  up  to  the  far  end  of  the 
cylinder,  and  tin*  luhricator  is  empty.  It  then  simply  reiiuires  to  he 
un.screw(*d  and  r(*fill(*d.  When  lubricators  of  this  kind  are  adopt(*d, 
they  jiossess  the  advantage  of  great  cleanlin(*ss,  hut  reipiirc*  to  lu*  looked 
att(*r,  and  some  once  or  twice  a  day  have  a  slight  turn  giv(*n  th(*m  .so 
as  to  run  a  little  grease  in.  The  great  ditliculty  is  that  they  are  lial.le 
to  beoverlook(*d  and  forgott(*n,  when  the  shaft  may  run  dry.  For  loose 
pulleys  th.*yare  an  exce.*dingly  convenient  form  of  lul.ricating,  as  tin* 
iulaicant  can  hi*  forced  up  where  it  would  he  impo.ssihle  to  iiour  oil. 

528.  Flour  Hoisting. — For  ju-eviously  (*xplained  r(*asons,  flour  is 
usually  stored  at  the  top  of  a  building,  ther(*fore  somi*  means  of  raisim^ 

It  hecomes  nec(*.ssary.  One  of  the  simpl(*st  machines  for  this  inirpose 
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is  the  sjic'k-lioist  (inured  l)(4nw.  In  so7iie  hakeries  tlie  floui-, 
kroui^ht  from  tlu'  mill  oi'  stoi'es,  is  simjily  hackt'd  a<;ainst  the  outer  wall 
of  the  bakery  in  a  wa,ii^gon.  A  stout  pulley  is  sus])ended  above  Ji,  door 
on  the  uj)perniost  floor  by  means  of  a  jirojectini;  arm,  so  that  a  cdiain 
haiiging  from  it  may  draw  up  a  sack  witliout  tii(>  latter  scraping  (be 
wall  in  its  ])assa,i;'e.  The  di'aw  ehain  passes  ovei'  the  jjulley  and  away 
to  tli('  hoist,  Fii;ure  48,  when  it  is  attached  to  the  iron  bai’rel. 


An  inspection  of  the  figure  shows  in  a  moment  tlu*  manner  in  which 
tliis  machine  is  driveji.  The  framework  not  oidy  cariaes  tliis  barivl.  A, 
but  also  a  l■unning  shaft  and  pulleys,  c;  n.  The  outer  pulley  at  i)  is  con¬ 
nected  by  its  b(4t  to  the  main  driving  shaft,  and  is  always  lamning 
when  the  machineiy  is  in  motion.  On  the  otlu'r  end  of  c  o,  and  also  on 
the  liarrel,  a,  are  a  pair  of  ]iulleys,  K  and  F:  around  tiu'se  a  Indt  passes, 
wliich  is,  however,  too  slack  to  convey  any  motion  from  the  running' 
shaft  to  the  bai-rel.  On  tin*  slack  or  non-driving  side  of  the  belt  there 
is  attached  a  lainning  or  jockey  pulley  at  tlu'  end  of  a  h'viu',  i  >i  K  ;  if  the 
end,  K,  of  this  lever  be  (lepr('sse(l,  the  jadley,  i,  is  forced  agiunst  the 
belt,  takes  up  the  slack,  and  sets  the  barrel  in  motion,  thus  raising  the 
.sack.  In  ]iractice  a  rop(‘  is  attached  to  the  eye,  K,  and  passes  light 
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away  as  far  down  tlio  liuildin,"'  as  may  lie  desired,  in  oi’der  to  set  tlu* 
lioist  in  motion.  Tlio  weiylit  of  tlie  piilli'y,  I,  is  suflieicoit  wIhmi  at  rest 
to  keej)  it  away  from  tlii'  belt,  wliich  eonseiimoitly  remains  pei'feotly 
slaek.  As  soon  as  tlie  cord  is  tiylitened  tlie  lioist  starts  ;  and  wlien  tlie 
sack  is  raised,  on  slackening  tlie  cord,  the  sack  may  he  drawn  in  to  tin* 
store,  and  the  chain  lowensl  for  another  sack.  I>y  means  of  a  hoist  of 
this  kind  tlonr  may  also  he  lowered  :  it  is  only  necessary  to  raisi'  it 
yently  hy  a  slight  jmll  on  the  cord,  and  then  slacken  until  first  the 
sack  is  stationary,  and  then  slowly  (h'seends.  The  hoist,  as  designed, 
has  all  its  jiarts  ahsolutely  interchangeahle  :  thus,  the  jockey  jiulley 
lever  may  he  placed  on  either  side,  permitting  the  hoist  to  he  flriven 
in  either  direction,  or  the  machine  itself  may  he  turned  upside  down, 
and  holted  up  underneath  the  joints,  instead  of  heing  placed  ujion 
them.  In  this  latter  case  the  barrel.  A,  and  the  driving  shaft,  c  d, 
are  interchanged,  as  in  all  cases  the  driving  shaft  must  he  under¬ 
neath. 

A  preferable  arrangement  to  hoisting  Hour  outside  the  building  is,  if 
possible,  to  bring  the  van  under  cover,  and  let  the  sacks  pass  up  through 
double  trap-doors  as  they  ascend.  These  doors  are  somewhat  noisy  as 
they  fall  after  the  passage  of  the  sack,  hut  they  are  an  absolute  safe¬ 
guard  against  the  accident  of  the  raised  sack  falling  once  more  to  the 
bottom.  In  cases  where  the  flour  nnust  he  raised  outside  the  building, 
it  is  well  to  have  a  covei’ed-in  raising  shaft  or  “  lucomhe,”  with  a  double 
trap-door  at  the  top  through  which  the  flour  is  lifted,  and  then  allowed 
to  tlescend  on  the  uppei'  surface  of  the  dropped  doors.  This  arrange¬ 
ment  is  shown  in  Plate  X. 

529.  Flour-Blending  Machinery. — With  the  acceptation  of 

the  principle  that  the  baker  Ijlends  his  vari(jus  flours,  it  becomes 
necessary  to  decide  on  what  fi^rm  of  machineiy  is  best  adapted  for  that 
purj)Ose  in  the  bakers’  hands.  There  are  a  number  of  devices  moi-e  or 
le.ss  .successfully  emjfloyed  b}' the  miller,  vhich  are  not  likely  to  give 
eflicient  results  in  the  hands  of  the  baker.  The  princi})le  of  many  of 
these  is  to  have  a  screw  (what  is  technically  known  as  a  “  worm  ”)  con¬ 
veyer  running  in  a  horizontal  pipe  or  trough  :  from  various  hoppers 
flour  is  allowed  to  pour  into  this,  and  as  the  flour  is  wound  along,  an 
eflicient  mi.xing  of  what  enters  the  worm  is  the  result.  The  difliculty 
is  the  regulation  of  the  flow  of  flour  from  these  hoppers  :  for  this  pur¬ 
pose  various  valvular  contrivances  are  employed,  with  sliding  shoes 
below,  and  other  devices  for  ensuring  the  accurate  control  of  the  rate 
of  egress  of  the  flour.  But  ditlerent  kinds  of  flour  flow  at  difl'erent 
rates,  owing  to  the  hardness  oi'  softness  of  the  flour,  the  finent*ss  or 
coarseness  of  its  granulations  ;  so  that,  with  the  machine  .set  to  deliviu- 
one  kind  of  flour  at  a  certain  s[)eed,  it  is  ditlicult  to  guarantee  that  it 
will  do  the  same  with  flour  of  another  kind.  Furtlu'r,  the  management 
of  devices  of  this  kind  requires  a  type  of  skill  and  (“xjierience  bidonging 
rather  to  the  miller  than  the  baker.  Also,  in  a  mill,  this  is  at  once 
the  iiKjst  cemvenient  way  of  blending  flour,  becausi^  during  the  course 
of  manufacture,  it  is  continually  flowing  along  pipes  in  various  direc¬ 
tions,  to  and  from  ditlerent  machines,  and  only  gets  wcuglu'd  when  in 
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the  tinislit'd  stall;  at  the  close  of  iiiaiiiifacturiii^  operations.  With  the 
l)aker,  liowever,  all  this  is  dili'ennit  :  he  laiys  his  Hour,  and  has  it  ready 
to  hand  in  140  or  llSU  Ih.  packag(;s,  and  can  tluu'efoii;  at  onci;  witlioiit 
any  ditliculty  get  the  exact  (juantity  he  reiiuires  of  each  for  ids  hlend. 
Jf  he  xvislu‘s  to  make  a  hlend  of  two  parts  of  A.  Hour  to  thriH*  parts  of 
1>.  Hour,  he  must,  with  a  series  of  hoppers  set  to  deliver  at  the  same 
speed,  pour  a  sack  or  a  hag  into  each  of  live  hopjiers  ;  or,  if  he  prefei's, 
can  arrange  two  hojipers  so  that  out'  delivm's  lialf  as  (juickly  again  as 
the  othei-,  putting  the  I>.  Hour  into  tlie  one  with  the  more  rapid  de¬ 
livery.  Hut  in  either  case  he  will  have  dischargx'd  Ids  Hour  into  the 
blending  ajiparatus  from  previously  weighed  packages.  Now,  in  a  mill 
the  great  object  of  these  graduated  delivery  arrangements  is  to  take  a 
stream  of  Houi',  and  as  accurately  as  possible,  without  weighing,  imaisure 
it  oli' by  volume  iido  a  mixing  apparatus.  Hut  tlie  baker  has  no  need 
for  all  this,  because,  as  before  said,  his  tlour  is  already  weiglied  ;  there¬ 
fore  in  his  case  an  iidinittdy  sinqiler  arrangement  is  one  which  will 
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permit  liim  to  diseliiirife  iill  liis  \;ii-ietie.s  of  lloui’  into  oik'  and  the  same 
hoppei-.  He  can  then  add,  u])  to  tlie  capaei(_y  of  Jiis  maehine,  any  jiuni- 
her  of  hai^s  or  sacks  in  any  proi)Oi-tion  \vliate\  er  he  pleases.  To  meet 
tliese  reijuircments  most  fully,  the  Climax  Floui'- lihmding  iVrachinery 
Mas  devi.sed.  The  maehine  itself  consists  essentially  of  a  ti-ough,  which 
is  built  up  thi'oughout  of  Avood,  as  lanng  far  better  fitted  to  hold  flour 
than  metal  ;  the  bottom  of  this  ti'ough  is  .s(‘nii-cylindrical,  and  as  closely 
mlaj)tt‘d  as  possible  to  the  movcmient  of  a  i'(‘\’olving'  mixing  blade  of 
-special  sha})e.  This  blade  is  so  constiaicted  as  to  turn  the  flour  ovei-  as 
gently  as  possible,  drawing  it  in  from  the  ciicumference  toward  the 
centre,  and  at  the  same  time  giving  it  a  certain  amount  of  motion  from 
<“nd  to  end  of  the  machine.  These  combined  moA'ements  in  a  A'ery 
few  minutes  mix  as  much  as  ten  sacks  (-2800  lbs.)  of  fioui'  in  the  larger 
machine.s.  The  driving  ])ulley  and  gearing  by  which  the  mixing  blade 
is  actuated  are  shown  at  the  light-hand  end  of  the  machine.  Under- 
neath  the  mixing  ti’ough,  and  running  its  entire  length,  is  a  gridiron 
valve,  which  consists  of  a  smies  of  apertures  cut  through  a  Jiietal  slide  : 
undeineath  this  is  a  fixed  ])late  Avith  a  similar  series  of  apf*rtures,  and 
A\  hen  the  upper  plate  or  A  alve  is  draAvn  into  one  jjosition  the  apertures 
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in  lioth  corrospond,  and  so  tlio  tlour  falls  tlifouifh.  A\'licn  the  valve  is 
pushed  the  othei-  way  the  aj>ertin'es  of  tin*  one  coincide  with  the  spaces 
of  the  otluM',  and  so  the  machine  is  closed  to  the  escape  of  flour.  This 
valve  is  actuated  from  the  outside  hy  a  lever  ti.xed  in  any  c(mveniejit 
]iosition.  ITndei'iieath  the  valve  runs  a  spiral  conveyer,  hy  means  of 
which  the  tloui'  is  conveyed  to  either  enrl  of  tin'  machine  as  wished, 
and  thence  to  a  siftiiig  machine,  oi’  to  any  other  nuachine  oi-  receptacle 
as  desin'd.  While  running  through  this  conveyer  the  flour  gets  a 
second  mixing.  The  whole  of  the  machine  is  self-contained,  and  is 
worked  hy  one  driving  l)elt. 

In  Figure  50  a  smaller  machine  is  shown  :  this  is  intended  for 
small  hakeri('s,  and  has  a  maximum  capacity  of  tlnx'e  sacks.  The 
construction  is  such  that  the  machine  occupies  very  little  space,  and 
takes  only  a  light  helt  drive.  Tn  addition  to  u.se  in  the  small  hakery, 
it  is  well  adapt('d  for  the  hlending  and  making  of  s(‘lf-raising  flours  and 
leaking  powders. 

530.  Flcur-Siftinff  Machinery. -  An  illustration  is  given  in 
the  preceding  tigin-es,  Xos.  4!)  and  50,  of  a  sifting  machine,  which  is 
fixed  in  any  convenient  position  underneath  the  hlender.  Figure  51  is 
an  illustration  of  a  similar  machine  arranged  to  drive  separately.  The 
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machine  consists  e.ssentially  of  a  wooden  frame  carrying  a  semi-cylindrical 
sieve,  tin*  end  of  which  is  shown  in  dotted  lines  at  tin*  right  liand  of  tlie 
figure.  Above  this  is  Hxi'd  an  axle,  on  which  runs  a  series  of  longi¬ 
tudinal  bruslu's,  so  arranged  as  to  Just  touch  the  upper  surfac*'  of  the 
sieve.  The  flour  is  poureil  in  at  the  top  of  the  macliine,  and  by  means 
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of  tli('  rovolviliif  bruslips  is  gpiitly  ln'usliod  throiiirli  tli(>  mh'sIh's  of  tin* 
sieve.  ^  One  of  tlies(‘  inacliiiies  (';i,sily  and  eHici(Mitly  sifts  Hour  at  tlie 
I’ate  of  one  sack  per  minute.  The  framework  of  the  niacliine  helow  the 
hruslies  is  hinged  both  at  tlie  l)ack  and  front  in  siicli  a  niannei-  that  tin* 
hottom  j)oi-tion  containing  the  sieve  may  he  opened  from  either  side, 
and  any  tlutl'  or  otlier  sejiarated  matter  removed.  Tn  tlie  same  wa}' 
one,  sieve  can  he  taken  out  and  instantaneously  replaced  hy  another  of 
ditierent  mesh.  The  spindle,  to  which  the  hruslies  are  attached,  is 
carried  in  hushes  fastened  to  the  sides  of  the  framework,  with  holts 
working  in  slotted  holes,  so  that  the  hrush  may  he  adjusted  with 
exactness  to  the  sieve.  Tlu'  hruslies  themselves  are  fixed  on  radial 
arms,  and  are  also  provided  with  an  adjustment  hy  which  they  mav 
easily  he  shifted  backward  or  forward  so  as  to  hring  them  nearer  to,  oV 
further  from,  the  surfaci'  of  the  sieve.  A  sleevi'  is  attaclu'd  to  the 
lower  part  in  order  to  convey  the  sifted  Hour  to  a  hin,  or  the  doughing 
machine,  as  may  he  wished. 

There  are  differences  of  0[)inion  as  to  whether  the  sifting  of  Hour 
shoulfl  precede  or  follow  the  hlending.  The  advocates  of  the  former 
course  argue  that,  if  there  is  anything  in  the  Hour  which  ought  to  he 
removed,  it  is  had  policy  to  Hrst  ruh  it  up  and  into  the  Hour  liefore 
taking  it  out.  That  is  to  say,  the  puriHcation  of  the  Hour  should  he 
effected  at  the  earliest  possible  stage  of  its  manipiulation.  A  good  deal 
maybe  said  for  this  view,  for  although  ordinary  Hour  contamination, 
such  ;is  sack  HuH  and  loose  particles,  can  do  no  harm  to  the  Hour  during 
hlending,  yet  there  are  other  rare  hut  occasional  accidental  imjnirities 
which  it  is  highly  inadvisable  thus  to  ruh  into  the  Hour.  On  the  con¬ 
trary  side,  it  takes  longer  to  introduce  the  Hour  into  the  hlending 
niachinery  if  it  Hrst  has  to  go  through  a  sifting  machine.  In  this  case 
It  would  l.ave  to  he  fell  into  the  hopper  of  the  sifter  a  jiart  of  a  sack 
at  a  time,  while  otherwi.se  it  is  at  once  droppial  in.  If  the  sifting  and 
blending  machines  are  comliined,  as  in  the  above  figures,  the  valve,  on 
being  o])ened,  permits  the  Hour  to  gradually  enter  the  sifter,  and  sifting 
thus  goes  on  while  the  man  in  charge  is  hringing  up  more  Hour,  or 
untying  and  preparing  tlie  sacks  for  the  next  charge  of  the  machine. 
W  hether  the  Hour  he  sifted  or  not  before  it  is  blended,  there  is  no  doubt 
it  ought  to  h('  sifti'd  direct  into  the  doughing  machine  or  trough  if  it 
•s^liould  liave  been  re-sacked.  One  of  the  objects  of  sifting  is  to  break 
down  the  Hour  into  a  Hue  powder,  and  tlioroughly  mrate  it  immediately 
liefore  its  mixture  with  water  to  make  dough.  In  the  case  of  tlii^ 
combined  machine  it  is  so  designed  as  to  lie  made  either  to  sift  the  Hour 
ajter  hlending  as  shown  in  the  Hgure,  or  before  it  enters  the  mixing 
tiough  of  the  blending  machine.  Either  arrangement  is  therefon^ 
po.ssilile  according  to  the  wish  of  the  purchaser. 

Arrangement  of  Blending  and  Sifting 

^lant,  llns  will  naturally  depend  somewhat  on  the  size  of  the 
bakery  plant,  and  the  amount  of  space  at  disposal  for  hlending 
niachinery.  When  there  is  sutHcient  head  room  on  the  liioiind  floor. 

It  IS  a  good  ].lan  to  Hx  the  blender  entirely  beneath  the  floor,  as  no 
space  is  then  occupied  on  the  floor  above  except  that  neci's.sary  for  the 
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Iiojipei'  leacliuR;  into  the  machine.  Tlie  larger  machine  is  .sliown  fixed 
in  this  way.  Wliere  the  liead  I'oom  is  insutficient,  the  whole  machine 
may  Ik'  allowed  to  come  up  through  the  floor  as  shown  with  the  smallei" 
hlemh'r.  This  is  entii'ely  a  matter  of  arrangement  dejKuuling  on  the 
])articular  {)remises.  Jf  the  arrangement  of  the  comhined  machine  is 
reversed,  then  the  Ijlender  would  he  uiuhu'iieath  the  flour,  with  the 
sifting  gear  fixed  in  the  ho2)per  above.  This  comhined  machine  is 
found  {(articuiarly  useful  in  hand-work  bakeries — the  sleeve  at  tlie  bottom 
van  be  held  over  each  trough  below  in  succession,  and  each  morning  the 
sifted  and  blended  flour  for  the  coming  day’s  work  let  down  into  the 
troughs.  Or,  if  wished,  the  flour  from  such  a  machine  may  be  sacked 
off  and  stoi'ed  for  future  use. 

in  machine  bakeries  a  somewhat  more  extensive  j)lant  is  more 
convenient:  one  of  these  is  shown  in  Plate  VIII.  of  the  overhead 
bakeiy.  Jt  is  advantageous  to  be  able  to  conduct  the  wdiole  of  the 
blending  operation  on  one  floor,  which  in  this  case  is  the  tiiird  one. 
The.  flour  is  raised  here  by  the  hoist  and  stored.  In  order  to  blend,  the 
necessary  bags  oi-  sacks  for  the  mi.xture  ar(‘  wheeled  up  to  the  hopper  of 
the  bleiuler.  The  gridiron  valve,  actuated  in  this  case  from  the  U})per 
floor,  is  closed,  and  the  blendei'  set  in  motion.  The  whole  of  the  Hour 
is  then  jmt  in  as  ra])idly  as  })0ssible,  care  being  taken  to  see  that  none 
of  tin:  e.xternal  .sack  dirt  also  enters.  In  about  five  minutes  after  the 
addition  of  the  last  sack  the  mixtun*  is  complete.  The  ne.xt  task  is  the 
again  raising  to  the  same  floor  the  blended  flour:  for  this  jmrpose  there 
is  attached  to  tlie  (*nd  of  the  conveying  worm  underneath  a  “  cuji  and 
belt  elevator,  by  which  tlie  flour  is  onci*  more  lifted  to  the  floor  above, 
and  discharged  into  the  blended  flour  bin.  The  worm  conveyor,  and 
also  the  elevator,  must  be  .set  in  motion,  after  which  the  gridiron  valve 
must  be  carefully  ojiened  so  as  to  allow  just  as  much  flour  to  come  out 
as  till'  elevator  will  carry  ;  by  this  means  the  blended  flour  is  again 
rajiidly  conveyed  to  the  floor  above.  This  blended  flour  bin  is  titti'd 
with  a  <1  raw-oil' valve  and  sleeve  below,  so  arranged  as  to  weigh  off  the 
blmided  flour  into  sacks.  It  is  reconnnend(*d  that  such  weights  be 
taken  as  (‘xactly  make  oven  batches,  or  ali(iuot  jjarts  of  such  batches. 
W’liere  th(‘  oN'cns  do  not  exactly  hold  a  sack  or  simple  fraction  of  a  sack, 
it  is  just  as  simple  wlien  thus  weighing  otl'  flour  to  take  the  necessaiy 
o\(*n  batch  (|uantity  as  any  other.  The  bhmded  flour  for  each  variety 
of  bread,  and  idso  sponges  and  doughs,  should  then  be  stacked  and 
allowed  to  Hr*  some  days  before  use. 

The  hopper  leading  to  sifting  machine  is  fixed  on  the  same  floor,  and 
when  sponuing  oi'  doughing,  tlu'  r(‘(pu.site  floui'  is  let  down  the  hopjrei' 
and  thus  into  the  machine. 

532.  Water  Measuring  and  Attemperating. — it  is  occa¬ 
sionally  advocated  that  the  water  for  each  batch  be  weiglusl,  instead  of 
measured,  so  that  the  variations  in  volume  dm*  to  altm’ations  trf  tiun- 
peratui’C'  may  not  all'r'ct  the  actual  mass  of  wrrtm'  thdivered.  The  water’ 
for’  sponging  artd  doughing  does  nut,  however’,  usually  var'y  much  in 
terttper’afirrc,  and  corrserptmitly  the  theorc'tic  cor’i’cctirm  from  dillerencr's 
of  expansiort  is  so  litth'  that  irt  pr’actice  it  is  absohrtely  ittappr’cciahlt'. 
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itli  ;i  proiKM-ly  constructed  uieasuriii<f  tank,  water  can  la'  naaisured, 

not  only  very  (luickly,  liut 
also  very  accurately.  l-’or 
this  2)urpo.se  the  upri^^lp 
tank  introduced  hy  the 
autlior  should  he  employed. 
A  convenient  size  tank  for 
ordinary  j)urpo.s(‘s  is  one 
lioldine-  120  (piarts  or  dO 
.itallons,  this  Ikuiim- suHicient 
to  make  two  sacks  of  Hour 
into  an  average  dougli. 
{W  here  from  the  nature  of 
the  hrt'ad  more  water  is 
taken,  it  is  well  to  have  a 
tank  made  specially  largm'.) 
A  tank  of  this  cajiacity 
will  he  aliout  1  ft.  in 
height,  hy  1  ft.  0  in.  hy  1 
ft.  2  in.  at  the  liasf*.  Xhe 
tank  is  conveniently  fi.xed 
liy  means  of  a  hracket  and 
clamixs  to  the  wall.  On 
tile  side  is  shown  a  guage 
graduated  into  (juarts  and 
gallons,  th(‘  figures  for  the 
one  being  to  the  left  and 
the  other  to  the  right,  and 
the  zei'o  of  each  scale  at 
tlie  tof).  In  front  of  this 
guage  is  a  gla.ss  tuhe,  con¬ 
nected  at  tlu'  hottom  with 
the  interior  of  th(>  tank, 
so  that  the  watc'r  stands 
at  the  same  level  witlnn 
them  hoth.  ^An  elhow  llier- 
momet(‘r  is  also  H.xed  in 
.  with  its  hull)  jiro- 
jecting  into  the  watiu' 
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■  pace  about  one  third  of  the  height  of  the  tank  from  the  liottom  •  this 
ImniKm.eter  n.ust  he  marked  jdainly  in  single  degrees,  from  sav  to 
1-0  J  .,  and  should  have  a  small  hull,  blown  at  th<>  top  of  the  mercury 
column,  .so  as  to  provide  tor  the  po.ssihle  tilling  of  the  tank  with  hoilin-.- 
'vater.  About  two  niches  from  the  top  of  the  tank  a  small  overllow 
p  pe  IS  arranged,  amMhis  .should  he  ,so  adju.sted  that  when  theover- 
H  nv  has  just  ceased,  tne  surface  of  the*  wat.>r  should  corre.siu.nd  with 

‘ttJh;'!l  \  ‘-^nd  .juiek  .lehvery  cock  is 

i  av  L  '  r  r'-  ("  lOol. 

vX.^tT  r  vertically,  whichever  is  most  con- 

'unent),  so  as  to  deliver  the  water  into  the  doughing  machine  The 
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]iei,<;ht  of  the  kneach'r  (It’tei'iiuiies  tliiit  of  tlie  t;uik  itself,  wliiuli  sliould 
l)e  lixed  as  low  as  j)ossil)le,  whih'  i)i-ovidiiio'  foi-  its  eiiiptyinjt  into  llie 
iiiaehiiie.  The  cold-water  sujjply  should  he  led  into  the  top  of  tlie 
(auk,  while  at  the  hottoni  the  hot-water  siqiply  should  he  fixed,  the 
ohjoct  of  this  particular  arrangeiueiit  heing  that  each  sludl  rapidly 
permeate  the  whole  mass  hy  gra\  ity,  the  hot  water  ascending,  and  the 
cold  (lescenfling  when  added.  A  grid  plate  hijn'd  with  small  holes 
should  he  arranged  inside  the  tank,  ajid  about  two  inches  from  the 
bottom.  It  is  well  to  fix  to  the  wall  a  small  stej),  with  hanille  ahova-, 
so  that  from  it  the  level  of  the  top  of  the  guage  can  easily  be  seen. 
When  attaching  the  pipes,  the  overflow  should  be  brought  down  to 
di.scliarge  ovei-  an  ojien  luxul  attached  to  tin;  wall,  so  that  the  flow  of 
water  through  it  can  he  observed  by  the  workman  in  chai'g(‘.  The 
cocks  regulating  tlu^  hot  and  cold  water  supjily  should  also  be  fixed 
side  by  side;  against  tin'  wall,  at  a  convenient  height  for  the  hand,  and 
so  that  they  can  be  inanijadated  at  the  same  time  as  the  thermometer 
and  measuring  guage  are  being  w'atched.  In  using  the  tank,  run  in 
both  hot  and  Cf)lil  water  until  full,  and  water  just  commences  to  run 
from  the  overflow,  regulating  the  proportions  so  as  to  get  the  tmnpera- 
ture  slightly  Ixdow  that  required,  rather  than  higher.  After  a  very 
little  practice  this  is  easily  managed.  Wait  until  the  thermometer 
becomes  .stationary,  by  which  time  the  overflow  will  have  emptied  the 
taidv  to  the  ztu'o  mark.  Note  the  reading  of  the  thermometer,  and  if 
too  low,  let  in  a  very  little  more  hot  waiter  ;  wdiile  if  too  hot,  add  cold 
water  in  I'equisitii  quantity  :  again  wait  until  the  thermometei’  becomes 
stationary,  during  which  time  the  excess  of  water  will  have  run  out 
through  the  overflow  jiipi'.  In  practice  this  is  a  rapid  operation,  as 
knowing  the  speed  of  flow  of  water  through  each  of  the  two  supplies, 
and  their  api)roximate  tenqterature,  the  quantity  taken  of  each  can  be 
adjust(‘d  to  a  nici'ty. 

Starting  from  the  zei'o,  supposing  that,  foi-  exauq)le,  57  quarts  have 
to  be  taken,  turn  the  swing  arm  of  the  delivery  cock  of  the  tank  into 
the  doughing  machine,  and  run  in  water  till  the  57  mark  is  reached  on 
the  guage,  and  the  57  (ptarts  will  have  been  delivered.  One  batch 
having  been  made,  suj)puse  that  GO  (juarts  are  reipiired  for  the  next  : 
note  the  reading  of  the,  guage,  and  simjdy  adil  on  the  quantit}"  required 
to  he  taken,  in  this  case  57-1-00=117  ;  run  water  in  to  the  117  mark, 
and  the  ojieration  is  performed.  AVith  a  scale  of  this  kind,  even  when 
one  starts  from  any  other  point  than  the  zero,  the  operation  of  adding 
the  (juantity  recpiired  to  tla^  first  reading  is  so  simple  and  easy,  that  it 
is  to  be  I'ecommended  in  actual  us(*  as  preferable  to  any  scale  w  hich  is 
adjusted  to  its  own  zei'o  by  the  surface,  of  the  watm-  before  the  measure¬ 
ment  of  (|uantity  drawn  ofl' is  made. 

In  deciding  at  what  tem])erature  the  water  has  to  he  taken  for 
sjionging  oi'  doughing,  it  must  not  he  forgotten  that  the  temperaturi'  ot 
tlie  flour  is  a  most  important  factor.  This  should  he  taken  every  day, 
and  allowance  made  accordingly.  From  paragrajih  9,  Chapter  1.,  it  is 
seen  that  the  specific  heat  of  floui-  is  about  Od,  and  that  consequently 
in  a  mixture  of  equal  parts  of  flour  and  water,  if  tlu'  flour  were  found 
to  be  l*-5  degri'es  colder  than  the  waiter,  the  water  would  havi'  to  be 
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taken  at  1  degree  liotter  to  restore  the,  temperature  of  tlie  mixiul  doiigli 
to  the  same  tiguri'.  liut  in  douglis  the  (|uaiitity  of  water  is  notiiiiig 
like  so  miicli,  being  usually  about  half  the  weight  of  the  Hour,  therefore 
for  a  variation  of  '2-it  degrees  in  th(^  flour  there  must  bi'  a  variation  of 
'2  degrees  in  the  o})posite  direction  in  the  water. 

533.  Doughing  Machinery.  -  All  doughing  machines  consist 
essentially  of  a  trough,  usually  made  of  iron,  in  which  the  flour  and 
water  are  placed.  One  or  more  sets  of  blades  revolve  in  this  troindi, 
and  ill  so  doing  knead  the  flour  and  watiu'  into  dough. 

The  machine  selected  by  the  author,  in  his  installations  of  baking 
machinery,  as  being  that  which  at  present,  in  his  opinion,  is  best  suited 
to  the  reciuirements  of  the  baker,  is  the  kneading  and  mixing  machine 
invented  by  PHeiderer,  and  made  and  sold  by  Werner,  PHeiderer,  li' 
Perkins,  Limited,  London.  For  this  reason  it  is  chosen  for  description 
in  these  pages.  The  design  is  very  simple  and,  at  the  same  time, 
efficient,  while  in  construction  the  machine  is  exceedingly  durable. 

The  reader  is  in  the  first  ])lace  referred  to  Figure  53,  in  which  the 
arrangements  of  the  blades  in  the  trough  is  well  .shown.  This  figure 
is  diawn  from  a  small  working  model  of  the  PHeiderer  machine,  such 

as  the  author  uses  in 
d  o  u  g  h  i  n  g  experi ments 
with  the  strength  bu- 
rette  and  the  viscometer 
for  the  purpose  of  test¬ 
ing  Hour.  Attention  is 
called  to  the  two  re¬ 
volving  kueader.s,  the 
actions  of  which  are 
sejiarate  and  parallel 
to  each  other.  These 
kneaders  are  geared  to¬ 
gether  by  means  of 
toothed  wheels :  an  es- 
,  _  .sential  2)oint  about  these 

wfieels  is  that  they  have  different  numb(‘rs  of  teeth,  and  so  the  two 
shafts  revolve  at  uneipial  rates. 

In  order  to  show  the  blades  more  clearly,  the  ui)i)er  jiart  of  th(‘ 
trough  has  been  removed.  This  particular  machine  is  workisl  by  a 
fiook  handle  iilaced  on  the  .sijuarc*  end  of  either  of  the  axes. 

rinning  next  to  tlu;  machines  of  suHiciently  large  dimensions  for 
hakehouse  use,  an  illustration  of  one  of  these  is  given  in  Plate  XTl., 
Joth  in  the  kiH'ading  jiosition,  and  also  ujitilted  so  as  to  turn  out  tlu' 
ms  icf  dough  into  a  trough  that  may  be  placed  in  ordt'r  to  receive  it. 
At  the  right-hand  .side  of  the  machine  are  two  pulleys,  n  n  ;  one  of 
these  IS  driven  by  an  open,  the  other  liy  a  crossed  belt,  from  the  .same 
hnvnig  shaft.  Py  imtting  either  one  or  the  other  of  these  i.ullevs  into 
gear,  the;  machine  may  be  cau.sed  to  ivvolvi*  in  either  direction. 

I  he  starting,  .stopping,  or  reversing  of  this  machine  is  ellected  in  an 
exceiahngly  .simple  manner.  On  the  same  shaft  as  the  pulley.s,  n  n,  is 
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ii  liiiiHl-whet'l  witli  :i  sniootli  rim.  The  machine  is  so  (](*s4.se(l  tliat  it 
precisely  obeys  all  the  motions  of  this  wheel  ;  thus,  when  the  machine 
is  at  rest,  if  tin*  hand  wheel  l)e  tin  ned  either  way,  the  machine  inn 
mediately  follows  suit  hy  revolving  in  the  same  dii'ection.  When  tin*- 
machine  is  in  motion,  if  tlui  haud-wheid  l)e  sto2)]ied  by  gr,as2)ing  the  rim, 
the  macliiiu'  also  stops.  The  tilting  of  the  machine  for  the  discharge  of 
dougli  is  ellected  by  means  of  an  endless  chain  and  small  winch  worked 
by  hand,  wdiich  is  shown  in  the  illu.stration  of  the  machiiu'  in  tilted 
})osition.  The  tilting  does  not  interfere  with  the  working,  as  the  lilades 
may  still  b(‘  caused  to  |•(>volve  in  either  direction,  with  the  machine 
ujjtilted.  At  the  l)ack  are  shown  two  weights,  i>  p,  1)V  which  the 
machine  is  balanced,  rendering  it  e.xtremely  easy  to  turn  it  ovei-  wlien 
desired  at  the  clo.se  of  the  doughing  opt'ration.  One  S2)ecial  feature  of 
this  form  of  the  machine  is  its  being  set  very  low.  Tt  will  lie  seen  that 
when  in  tiie  working  position,  the  top  of  the  trough  is  barely  breast 
higli. 

In  the  tigure  of  the  machine  when  tilted  the  position  of  the  blades, 
I)  u,  is  clearly  shown  ;  in  general  configuration  they  I’esemble  those  of 
the  smaller  machine  in  Figure  oG.  The  foregoing  bi-ief  descrij)tion, 
together  with  a  study  of  the  engravings,  will  render  clear  the  more 
important  points  of  constructi<jn  of  these  machines. 

An  endeavour  must  now  l)e  made  to  describe  the  kneading  results 
jji'oduced  by  the  movement  of  the  blades,  the  machiiU'  being  charged 
with  Hour  and  water  ;  this  is  a  matter  of  some  difliculty.  The  machine 
is  first  started  in  motion,  the  direction  being  such  that  the  blades  in 
the  cour.se  of  their  movcnnent  ap])roach  each  other  at  the  toji  of  the 
revolution.  It  sliould  be  mentioned  that  the  trough  of  the  inachim* 
is  so  shajied  that  tlu^  blades  in  the  course  of  their  revolution  scrape 
it  quite  clean,  no  lodgment  for  the  dough  being  jiermitted  in  any 
jiart.  The  blades  bring  the  flour  and  water  continually  from  the 
siiles  of  the  trough  toward  the  centre,  and  there  mix  them  together  ; 
they  then  jjass  down  through  the  centr(‘,  and  at  the  bottom  of  the  trough 
are  sejiarated  into  two  2)Ortions  ;  one  of  (.'ach  is  again  brought  to  the 
surface  by  each  blade  traversing  the  circumference  of  the  trough  in  its 
passage.  Following  the  oiu'  portion  only,  it  is,  with  the  completion  of 
the  ri'volution,  brought  once  mori'  to  tlu'  {losition  when*  the  two  blades 
meet ;  but  as  the  one  bladti  is  revoh  ing  more  (luickly  than  the  other,  the 
two  i)ortions  which  were  separated  as  the  blades  (h'scended  do  not  again 
conu^  in  contact ;  each  one  is  mixed  with  a  fresh  j)ortion  of  the  dough. 
This  dill'erential  motion  is  one  of  tlu;  most  inqiortant  features  of  the 
machine,  and  ellects  the  thorough  mixing  of  Hour  and  water  with  great 
rai)idity.  A  very  few  turns  of  tlu'  machine  changes  the  loose  Hour  into 
tough  jilastic  masses  of  dough  ;  (he  action  of  mixing  at  (hat  stage  re¬ 
solves  itself  into  the  pi'essing  togethm-  of  the  jioilions  of  dough,  cutting 
it  asunder  in  fresh  jHaces  and  again  r(uini(ing.  After  .some  litth'  time  it 
is  w(41  to  i-eversi^  the  motion  of  (he  machine  for  a  few  revolutions.  As 
soon  as  the  kneading  is  comi)leted,  the  machine  is  turned  over  in  the 
jiosition  shown  in  the  lowin'  figure  on  the  jilate  ;  the  mechanical  ar- 
lamannents  are  so  adjusted  (hat  this  oiieration  does  not  interfere  in 
thelslightest  with  the  I'evolution  of  (he  blades,  'riiese  should  then  he 
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revorsi'd,  wIumi  they  discliarge  tlie  dougli  Avitli  tlie  greatest  ri'adiness. 
(treat  carc'  and  tluiuglit  have  lieeii  exercised  in  devising  tin'  sliape  and 
arrangement  given  to  these  l)lades.  Tlie  object  is  to  secure  the  most 
efficient  possibh'  mixing  with  the  least  po.ssihle  cutting  and  dividing  of 
the  (lough.  The,  hearings  of  the  shafts  are  so  constructed  as  to  ab¬ 
solutely  ju'evf'iit  any  oil  or  lubricating  material  entering  the  dough. 
While  th('  machine  is  admirably  fitted  for  thoroughly  kneading  and 
mixing  dough,  its  jx'culiar  construction  enables  it  to  discharge  the 
finished  dough  with  the  gr(?atest  readiness,  and  .so  thoroughly  that 
there  is  not  the  slighti'st  waste. 

In  addition  to  the  double  bladed  machine  just  described,  the  manu¬ 
facturers  also  otter  a  “  single  blade  ”  machine,  which  is  illustrated  in 
Figun'  .-'ll.  'the  principal  ditterence  is  in  the  fact  that  there  is  but  one 
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blad(‘,  instead  of  two.  The  machine  cannot  compare  with  the  latter  in 
point  of  efficiency  or  rapidity,  but  still  is  a  useful  and  serviceabh' 
machine,  gi\ing  satisfaction  M’here,  low  yu-inu'  cost  is  an  ('ssential 
'  (jhject. 

In  using  the  doughing  machine,  the  following  course  is  n'com- 
1  mended  :  As  a  jireliminary  to  tirst  emyiloying  a  doughing  machine, 
1  take  the  temperature  of  sonu'  water  carefully,  and  yiour  sufficient  into 
EF 
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tlie  ti'ougli  of  the  iiiachiiie  to  iniike  a  hatch  of  dough.  Start  the  machine 
in  motion,  and  after  a  few  turns  take  the  temperature  of  the  water  in 
tlie  trougli  of  the  machine  itself,  and  note  the  extent  to  wliich  it  has 
C(jok‘d.  Tliis  is  usually  oidy  very  little,  within  one  or  two  degn'es  F.  : 
in  making  first  batches  each  day  with  a  cold  machine,  use  water  to 
that  extent  hotter,  in  order  to  compensate  for  the  cooling  which  the 
machine  may  exert.  There  is  no  necessity  to  make  a  similar  correction 
for  the  following  batches. 

In  tlie  majority  of  instances  there  will  be  a  sifting  machine  above 
the  doughing  machine  :  the  author  prefers  to  fit  a  wooden  cover  to  the 
machine  itself,  holding  it  down  in  place  by  special  clamps  while  the 
machine  is  working.  This  cover  makes  a  tight  joint  on  the  machine 
by  means  of  felt  or  indiarublier  packing,  and  is  suspended  fiom  the  . 
ceiling  by  I’opes  and  balance-weights,  so  as  to  be  easily  raised  and 
lowered.  The  sifting  machine  is  connected  to  this  cover  by  means  of  a 
linen  sleeve.  This  arrangement  largely  iirevents  the  scattering  of  Hour 
dust,  as  sifted  Hour  falls  very  lightly,  and,  unless  prevented,  partly 
e.scapes  in  falling  into  the  machine,  thus  causing  loss,  and  at  the  same 
time  prejudicially  affecting  the  atmosphere  of  the  bakehouse. 

Sponging. — The  proper  quantity  of  attemperated  water  should  Hrst 
be  put  into  the  machine,  retaining  suHicient  in  a  convenient  measure  or 
bowl  in  which  to  bi'eak  down  the  yeast.  This  is  then  poured  into  the 
machine,  and  any  salt  that  may  be  reijuired  also  added.  The  cover  is 
next  clamped  down,  the  machine  set  in  motion,  and  the  retjuisite 
quantity  of  sponging  Hour,  previously  weighed  off,  is  pourial  down 
through  the  sifting  machine.  As  soon  as  the  whole  of  the  Hour  is  down, 
the  cover  is  raised  and  the  mixing  watched.  As  the  sponge  is  in  many 
cases  a  very  small  charge  for  the.  machine,  it  is  well  to  tilt  the  machine 
forward,  so  that  the  sponge  is  mixed  by  the  front  blade  only.  The 
machine  should  be  stopped  for  a  few  moments,  while  any  fragments 
adhering  to  the  back  blade  are  scraiied  off,  and  forward  to  the  main 
portion  in  front.  Using  one  blade  only,  it  should  be  set  in  motion,  .so 
that  the  top  of  the  blade  moves  toward  the  front  of  the  machine.  The 
kneading  or  “stirring”  of  the  sponge  being  complete,  the  machine  is 
reversed  and  uptilted,  when  the  sponge  is  discharged  into  a  trough 
arranged  for  its  reci'ption.  It  is  recommended  that  sponges  for  machine 
doughs  be  made  slightly  stilfer  than  is  the  custom  for  hand  work.  As 
an  alternative  mode  of  working,  the  Hour  may  first  be  let  into  the 
machine,  and  the  water  subsequently  added.  This  method  has  the 
advantage  of  the  machine  being  left  in  a  drier  state. 

Donghing. — The  sponge  being  “  i-isuly,”  and  doughing  time  arrived, 
the  trough  containing  the  sponge  is  wheeled  up  in  position  in  front  of 
the  machine.  l‘>y  nu'ans  of  a  .scrapin'  it  is  detached  from  the  sides  of 
the  ti'ough,  and  then  divided  into  some,  four  or  six  pieces  by  transverse 
cuts  with  a  knife.  A  }.iair  of  workmim  taking  these  pieces,  one  on  each 
side,  very  quickly  transfer  the  whoh'  sjumge  into  the  machine.  'I’lie 
doughing  watei',  in  measured  quantity  from  the  tank,  and  the  .salt  are 
now  added;  and  the  machine  set  in  motion,  preferably  with  the  blades 
iTsvolving  in  the  outin-  direction.  The  cover  is  clanqied  down,  and  the 
weighed  doughing  Hour  let  down  thiough  the  sifting  machine.  ^\  hen 
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is  down,  till'  cover  limy  lie  raised  and  tlie  kneading  watched.  At 
this  stage  tlie  diri'ction  of  tlie  hladiis  sliould  he  reversc'd,  and  most  of 
tlie  kneading  done  on  the  inward  movemi'iit.  An  occasional  reversal 
is  of  service,  because  of  its  etfect  in  accelerating  the  mixing  action  on 
the  dough.  Kneading  should  be  continued  until  the  Hour  and  water 
are  well  incorporated,  but  not  necessarily  until  the  dough  is  perfectly 
clear  ”  and  smooth.  INlachine-made  doughs  “clear”  themselves 
remarkably  after  being  made,  and  it  is  well  to  err  on  thii  side  of  uuder- 
i-ather  than  over-kneading.  At  the  tinisli  the  blades  must  l)e  moving 
toward  each  other;  the  machine  is  uptilted,  and  the  dough  readily  and 
eompletely  discharged. 

It  will  be  noticed  that  no  directions  are  given  for  tirst  “  breaking 
■down  ”  the  sponge  Vicfore  the  addition  of  the  doughing  Hour  -the  reason 
for  this  is,  that,  with  an  etlicient  machine,  such  a  course  is  absolutely 
unnecessary.  T1  le  Houi',  sponge,  and  water,  when  added  altogether, 
are  rajjidly  incorporated  into  a  perfectl}'  uniform  dough  without  any 
preliminary  breaking  down  whatever. 

It  is  recommended  that  at  the  close  of  each  da3'’s  work  the  machine 
be  thoroughly  scalded  out  with  hot  water,  wiped  clean,  and  tilted  up 
until  perfectly  dry.  No  old  dough  should  be  allowed  to  remain  in  it, 
and  it  must  be  perfectl}'  sweet  and  clean. 

534.  Ov6IlS.  The  recjuirements  in  bread-making  are  that  an  air¬ 
tight  chamber  shall  be  provided,  which  is  ecjuably  heated  all  over,  and 
whose  heat  shall  be  under  control.  It  is  further  necessary  that  the 
oven  be  cleanly  in  action,  and  that  it  shall  bake  bread  with  the 
minimum  loss  of  weight,  each  loaf  being  thoioughly  cooked  through  (or 
“  soakiid  ”),  and  with  the  desired  proportion  of  topi  and  liottom  ciaist. 
In  addition  it  is  required  that  the  ovens  be  well  built,  economical  in 
fuel,  and  easily'  handled. 

In  the  older  forms  of  oven  the  heat  was  obtained  by'  burning  wood 
or  other  fuel  within  the  baking  chamber  of  the  oven  itself.  A  later 
development  was  that  in  which  a  furnace  is  placed  on  the  one  side  of 
the  door,  and  a  Hue  on  the  other,  both  being  on  the  front  of  the  oven. 
The  heated  gases  of  the  furnace  strike  backward  through  the  oven,  and 
return  to  the  Hue  on  the  other  side  of  the  door.  The  Hre  is  lit,  and  the 
oven  thus  heated,  after  which  it  is  allowial  to  “  lie  down  ”  for  a  longer 
or  shorter  time,  so  that  equalisation  of  heat  shall  occur.  The  furnace 
and  Hue  being  shut,  tin;  bread  may  b(‘  put  in  the  oven,  and  is  baked  by' 
the  stored  heat  within  the  oven  walls.  C)n  one  batch  being  baked,  the 
oven  is  again  heated  by'  once  more  .sending  the  products  of  combustion 
through  it.  The  essential  feature  of  ovens  of  this  ty'pe  is  that  tlii' 
heating  and  baking  alternate,  and  the  tire  products  Hud  their  way'  into 
the  oven  itself.  The  neci'ssity  of  having  the  furnace'  by  the  door  of  tlu' 
oven  re'quires  that  the  tire,  and  its  concomitant  coal,  dust  and  ashes, 
must  be  within  the  bakehouse  it.self:  thus  jierforce  introducing  most 
undf'sii’able  features. 

In  othi'r  forms  of  oven  the  heat  is  conveyed  into  the!  baking  chamber 
by  means  eif  steam-iiipes.  These  consist  of  stout  iron  or  mild  steel 
tube.s,  partly  tilled  witli  water,  and  thi'ii  hermetically  sealed  by  wi'lding 
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uj)  tlic  ends.  Tliese  pipes  are  so  arraiii^a'd  tliat  their  pi-incipal  part  is 
in  tlu^  l)akiiig  cliainl)er,  hut  their  ends  project  into  a  furiiae(‘,  wliicli  is 
usually  at  the  l)ack  of  tlie  ovtui.  ddie  water  in  tlu^  pipes  is  convert(‘d 
into  steam,  and  tliis  being  under  higli  pressure  ac(iuires  a  sufhci(*ntly 
elevated  temperature  to  I'aise  tlie  interiui-  of  the  oven  to  baking  lieat. 

In  anotlier  form  of  oven  the  soui'C('  of  heat  consists  of  a  furnace, 
which  may  l)e  arranged  at  any  part  of  the  oven  ;  from  this  the  lieat  is 
conveyed  by  flues  around  tlu'  bottom  and  to})  of  the  oven,  and  thence  tn 
the  chimnt'y.  In  these  ovmis  the  source  and  all  products  of  heat  are 
ke})t  se})ar:it(‘  from  tlu*  baking  chamber,  while  the  tire  and  stokehole  are 
altogether  apart  from  the  bakehouse. 

535.  Climax  Ov6IlS.  Some  time  ago  the  author  jiatented  a 
variety  of  oven  to  which  he  has  given  the  name  of  The  Climax,  the 
construction  of  which  (h'jiends  on  having  the  baking  chamber  surroundi'd 
by  Hues  conveying  hot  air  from  tlu>  furnace.  The  }>rincij)le  of  the  oven 
may  be  gathered  from  the  diagrammatic  section.  Figure  bo,  showing 
the  geiu'ral  arrangement  of  tlues. 


The  furnace  may  be  (“ither  at  the  back  (as  shown  in  figuri'),  side,  or 
front,  but,  as  })reviously  urged,  should  whenevi'r  })ossible  b(>  ke})t  out¬ 
side  the  bakidiouse.  'I'he  tigure  shows  two  ovens  })laced  oviu-  each 
other,  and  arrangi'd  in  such  a  manni'r  that  tlu*  Hues  heat  them  both.  If 
desired,  a  third  oven  may  be  built  aliovc  the  second,  and  the  heat 
distributed  to  the  whoh'  thr(‘e.  d'he  heat  of  the  furnace  Hrst  })asscs 
through  Hue  No.  1,  undci’iK'ath  bottom  oven,  and  subse(|uently  through 
Hues  Nos.  ‘2  and  .‘5,  thus  heating  both  the  to})  (crown)  and  bottom  (sole) 
of  each  oven  of  the  series.  Tlii'ir  ai-rangement  is  .subse(|uent  ly  described 
in  detail. 

Construction  and  Materials.^  The  oven  is  solidly  built  of  the  vtuy 
best  mati'rials,  with  walls  two  feel  in  ihickni'ss,  thus  ensuring  retention 
and  “solidity”  of  heat,  and  .securing  economy  of  fuel.  The  furnaces 
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mid  all  lower  Hues  an'  liuilt  throughout  of  tire-hrick,  ceiueiited  together 
hy  tire-resisting  cement.  The  .soles  of  the  ovens  are  constructed  of  a 
special  variety  of  stone,  retaining  the  heat  well,  and  yet  not  Imi-ning 
the  lower  crust  of  the  bread.  As  there  is  a  Hue  between  the  crown  of 
one  oven  and  the  sole  of  that  above,  the  crown  is  built  of  thin  tiro-clay 
tiles,  with  all  joints  rebated  and  cemented  together.  This  construction 
permits  the  passage  of  heat  readily  into  the  oven,  but  still  without  that 
danger  of  burning  resulting  from  the  emiiloyment  of  iron.  hh-om  the 
mati'iials  used,  the  baking  chamber  has  the  whoh'  of  its  internal  surfaces 
of  either  brick  or  stone,  thus  ensuring  a  remarkably  steady  radiation  of 
heat,  such  as  will  ensure  etlicient  baking  without  burning.  The  oven 
is  very  economical  in  Hoor  sjiace,  all  the  furnace  and  Hues  being  con¬ 
tained,  if  necessary,  within  the  area  of  the  oven  itself  and  its  two-feet 
walls.  AVhere  practicable,  it  is  well  to  have  a  greater  thickness  of  wall 
at  the  back,  but,  if  d(!sired,  all  forms  of  tin*  oven  may  be  mad(5  only  two 
feet  deeper  and  four  feet  wider  than  the  actual  oven  space  })ruvided  for 
baking. 

Flues  and  Dampers. — The  success  or  otherwise  of  an  oven  such  as  the 
Climax  depends  on  the  ja-ojiortions  of  the  Hues  and  thickne.ss  of  the 
brickwork  between  them  and  the  baking  chamber.  This  in  the  oven 
being  de.scribed  has  bt'en  carefully  worked  out  experimentally,  .so  as  to 
■ensure  even  and  equable  heating  in  ('ach  oven.  AVith  the  heat  passing 
succe.ssively,  as  before  described,  through  each  Hue,  Nos.  1,  2,  and  .‘I, 
each  oven  is  regularly  heated,  that  at  the  bottom  of  course  being  some¬ 
what  the  hotter.  All  Hues  are  perfectl}’  straight  from  front  to  back, 
and  so  planned  that,  without  any  trouble,  they  are  immediatel}' accessible 
for  inspection  or  cleaning  through  j)ro})erly  placed  soot-boxes.  There 
are,  in  addition,  auxiliaiw  passages,  by  which  a  portion  of  the  heat  may 
be  allowed  to  pass  direct  to  the  upper  parts  of  the  series  of  ovens, 
control  over  them  being  obtained  by  the  use  of  dampers,  whicli  may  be 
o})ened  or  shut.  The  object  of  these  is  to  provide  for  the  further 
heating  of  the  ui)per  ovens  when  desired,  indei)endently  of  the  bottom 
one. 

Con/inuous  Jlaking. — The  arrangement  of  Hues  exterior  to  the  baking 
chamber  permits  the  fii'ing  to  b('  done  independently  of  the  baking,  so 
that  Ijy  maintaiinng  a  small  steady  Hre,  batch  after  batch  may  be  baked 
indefinitely.  15}’  a  proper  i)roportioning  of  the  flues,  the  utmost  limit 
of  profitable  economy  of  fuel  is  secured  :  that  is  to  say,  as  little  fuel  as 
])ossible  is  burned  consistently  with  regulai'  baking.  It  must  not  b(‘ 
forgotten  that  it  is  easy  to  allow  the  heat  more  ready  access  into  the 
oven  by  the  employment  of  thinner  soles  and  thin  iron  crowns,  for 
example,  but  beyond  a  certain  point  any  problematic  saving  of  fuel  by 
ad(jpting  such  a  courses  is  moi-e  than  compensat'd  by  ii'regularity  in 
baking,  and  probalile  l)urned  or  unbakaul  luead. 

Decker ''  Ovens. —  It  has  been  already  explaiiu'd  that  tlu'sc'  ovens 
may  be  built  in  series  one  over  another  ;  vvlu'n  so  arranged  they  an' 
termed  two  or  three-ch'cker  ovc'iis,  the  phi'ase  ('vidently  b('ing  of  naval 
•origin.  S('veral  advantage's  accrue  fi-oin  this  an angt'iiH'nt  of  ovens; 
first  of  all,  there  is  a  gain  in  space,  as  more'  ove'n  accommodation  is 
obtained  on  the  sanuf  Hoor  sjeace.  Fui'ther,  the'  ujepei'  (,)V('ns  of  such  a 
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seric's  are  lieiited  Oy  the  \vast(‘  heat  of  tlie  lowe?’,  and  tlms  a  ;'re:it 
economy  of  fuel  i-esulls.  The  ohject  in  sucli  ovens  is  to  utilise  tlie 
wliole  of  tlie  heat  of  thi^  fuel,  only  such  amount  hein*'  allowed  to  re 
main  in  the  waste  ,i>as{'s  when  they  find  their  way  into  the  cliimney  as 
is  rec[uired  for  the  purposes  of  etiicient  draught.  Oth.er  advantages 
will  be  evident  when  subseipiently  clealiTi^;  with  the  mode  of  workiuu; 
these  ov(ms. 

Peel  Ovens.-  -Tins  term  is  descriptive  of  the  manner  in  which  the  oven 
is  loaded  with  bread  and  other  iroods  and  afterward  emptied.  The 
older  method  consisted  in  having  a  comparativcdy  .small  oven  door,  from 
eighteen  inches  to  two  feet  wide,  and  introducing  and  withdrawing  the 
bread  by  miains  of  a  species  of  long-handhsl  sjiade,  called  liy  the  bakei- 
a  “peel.”  Hence  the  name  of  peel  ovens.  The  worst  of  the  jieel  is 
that  it  is  a  slow  method  of  loading  and  unloading  ;  with  the  ordinary 
w'orkman  an  average  of  some  titeen  minutes  is  taken  to  load  or  uidoad 
an  oven  holding  the  bread  fi'om  a  sack  of  flour  by  means  of  a  peid.  As. 
the  loaves  first  jiut  in  must  b(‘  those  withdrawn  last,  some  of  the  bread 
will  be  baked  about  half  an  hour  longer  than  the  lest,  and  must,  con¬ 
sequently,  l)e  over-dried  and  lessened  in  weight.  This  is  to  a  certain 
e.xtent  compensated  by  having  ovens  which  are  so  tii’ed  as  to  be  cooler 
at  the  back  than  the  front. 

0%'en  Lights  and  Pyrometers. — With  the  use  of  a  small  peel  door,  it 
b(‘comes  necessary  to  have  some  means  of  iirtiticially  lighting  the  interior 
of  the  oven.  The  olil  method  of  so  doing  consisted  in  having  a  swing- 
gas  ai’in,  which  was  turned  into  the  oven  when  the  dooi'  was  opened. 
Among  liiter  sind  pleiisanter  devices  is  that  of  having  ;i  se})arate  light 
box  built  into  the  brickwork  :  the  front  of  this  consists  of  a  sheet  of 
mica,  immediately  behind  which  is  the  gas  light.  So  arranged,  the  gas- 
illuminates  the  interior  without  itself  being  within  the  oven.  The  light 
is  easilj"  regulated  from  the  outside  of  the  light  box,  and  has  con- 
veni(‘ntly  a  small  bye-pass  by  which  the  flame  is  kept  alight  the  whole 
time,  while  the  nuun  supply  is  turned  off  by  pre.ssing  a  button  or  turning' 
a  tap. 

In  order  to  ascertain  the  temperature'  of  the  interior  of  ovens,  they 
are  usuall}’  now  fitted  with  a  ])yromet(‘r  or  high  temperature  thermo¬ 
meter.  Tlie  jiyrometer  depends  in  its  action  on  the  unequal  e.xpansion 
of  the  various  solids  of  which  it  is  constructed,  and  registers  the  result 
on  its  dial,  which  is  built  into  the  face  of  the  oven.  A  pyrometer 
measuri's  fairly  accurately  the  baking  condition  of  the  oven  at  one  time 
as  compared  with  another;  but  must  not  b(‘  too  implicitly  relied  on  as 
an  indicator  of  ab.solute  temperaturi-. 

536.  Climax  Drawplate  Oven.  The  slow  process  of  loading 
with  the  pe(‘l  has  led  to  the  design  of  oven  in  which  the  conti'iits  are- 
insertc'd  and  withdrawn  mechanically.  Ovens  of  this  kind  were  first 
employed  for  biscuit  baking,  such  ovens  having  some  form  of  travelling 
jilat(‘.  .Moi'e  recently  the  travi'lling  jilate,  called  brii'fly  a  “drawplate,’ 
lias  been  introduced  into  bread-baking  ovens.  The  Climax  ovi'ii  from 
its  earli(‘st  inception  has  been  fitted  with  a  drawjilate,  and  as  a  matter 
of  fact  was  desigiK'd  in  this  form  prior  to  its  employnu'iit  as  a  pi'i'l  .)ven. 
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Tlio  princij)l('  of  the  (lra\v]»l;it('  di'pends  essentially  on  havinif  a  slidin^f 
plate  or  tray  whieli  is  withdrawn  from  the  oven,  loaded  with  hi-ead,  and 
then  retunuHld 

The  drawplate  of  the  Climax  is  distinguished  from  all  otlu'rs  hy  not 
having  an  iron  l);d<ing  surfaci*.  It  consists  first  of  a  skeleton  iron 

frame  mounted  on  wheels.  On 
this  frame  are  laid,  edge  to  edge, 
special  red  haking  tiles,  so  as  to 
form  a  continuous  haking  sur¬ 
face.  These  ai’c  cemential  in 
y)lace,  and  in  this  way  all  the 
disadvantagi's  of  haking  on 
iron  are  entirely  oh\iated,  the 
bread  heing  haked  both  on  the 
top  and  hottom  with  heat  evolved 
fi'om  tiled  surfaces,  hy  which  are 
art'oi’ded  all  the  advantages  of  a 
hrick  oven.  These  tiles  are  made 
of  such  a  size  that  each  just  takes 
a  loaf,  and  on  each  may  he  sunk 
an}'  required  name  or  device, 
thus  automatically  marking  the 
bread  in  a  most  di.stinctive  manner :  a  single  tile  is  shown  in 
Figure  50. 

Running  Ari-angenients. — It  is  evident  that,  considering  the  weight 
of  a  loaded  drawplate,  it  must  he  well  designed  and  made,  in  order  to 
run  easily.  The  Clima.x  plate  is  carriial  on  large  wheels  about  ten 
inches  in  diameter,  running  on  rails  within  the  oven,  and  extending  a 
few  inches  only  outside  the  oven  door.  One  great  objection  to  draw- 
plates  as  originally  designed  was  the  great  space  they  occupied  within 
the  bakehouse,  as  permanent  rails  at  the  same  height  as  those  within 
the  oven  liad  to  he  fitted  so  as  to  carry  the  jilate  when  run  out.  The 
Climax  drawplate  is  ari'anged  to  run  on  a  small  carriage  as  it  leaves  the 
oven,  the  wheels  of  which  run  in  counter-sunk  rails  which  are  exactly 
level  with  the  floor.  As  the  plate  is  jmshed  into  the  ovmi,  the  carriage 
is  left  close  to  the  oven  door,  and  thus  when  the  oven  is  closed  tlie 
whole  of  the  sjiace  in  front  is  left  clear  from  all  obstruction.  The 
general  arrangement  of  the  carriage  and  drawplate  is  shown  in  the  pair 
<jf  combination  deckers  on  Plate  XIII.,  but  it  may  be  of  advantage  here 
to  explain  somewhat  more  in  detail  the  working  of  the  carriage.  The 
right  hand  illustration  in  Figure  57  shows  the  ovim  door  closi'd  over  the 
rails,  which  are  projecting  in  front.  The  upper  jiart  of  the  carriage,  at 
n,  has  a  recess  cast  in  it,  which  corresjionds  with  a  notch  cut  in  the 
front-bearing  rail  of  the  drawplate.  Cn  pulling  the  plate  out  of  the 
oven  the  viu'tical  edge  of  this  front  rail,  n  K,  passes  over  it  c,  the  laught 
of  the  cut  notch  being  just  sutlicimit  to  clear  no,  while  its  sides  jire- 
veut  any  hiteral  Jilay  of  the  drawplate  (ju  tlu*  carriage.  As  the  j)late 


‘  the  old-fastiioiied  domestic  oven  fitted  with  withdrawahle  baiting  sheets  is  a 
rudimentary  drawjjiate  oven. 
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is  drawn  furtlier  out,  the  front  rail  presses  against  A  n,  and  puslies 
the  carriage  before  it  ;  when  the  plate  has  travelled  sutliciently  far 
for  its  running  wheels,  11 1,  to  descend  into  the  incline  marked  Fo,  on 
the  ends  of  the  rails,  the  whole  jilate  gradually  descends  bodily,  and 
the  notch  in  its  front  rail  drops  into  that  marked  n  of  tin*  carriage, 
and  .so  the  two  are  securely  intei-locki'd.  Tlu'  little  piece,  F  .1,  of  the 
rail  is  cut  sulUciently  low  to  jiermit  tlie  wlu'els  to  run  over  without 
touching.  When  the  jilate  is  entiridy  withdrawn,  a  catch  at  the  back 
of  the  plate  descends  into  the  recess,  f,  and  etlectually  stops  further 
forward  motion.  (Jn  r(>})ushing  tlu'  drawplate  into  th(‘  oven,  it  travels 
on  the  cai'i'iage  until  the  drawplate  wheels  pass  o\er  .1  f,  and  com¬ 
mence  the  ascent  of  the  incline,  f  o.  The  [ilate  rise's,  and  thus  has  its 
fi’ont  rail  once  more  lifted  out  of  tlu'  notch,  ii,  on  the  carriage,  from 
which  it  is  cons('(|U('ntly  libeiated,  and  travels  into  the  ovmi.  In  this 
manner  a  perfectly  simple  but  absolutely  (dfective  automatic  locking 
and  unlocking  arrangement  is  jirovided  between  the  jelate  and  the* 
carriage.  .Should  any  attempt  be  made*  to  draw  the  plate  witliout  the 
carriage  being  in  jiosition,  the  whole  would  simpl}’  run  down  into  the 
n'cesses,  F  o,  and  lie  stopptsl  there  by  the  notch,  F. 

A  necessary  conseiiinuice  of  the  use  of  the  drawplate  is  that  tlie  o\en 
door  must  be  made  sutlicimitly  wide  to  jiermit  its  witlidrawal.  ,\s  seen 
on  Tlate  XI 11.  the  door  hangs  by  cliains  from  an  o\erhead  spindle, 
being  countm’balanced  by  wiughts  on  the  other  ends  of  tlu'  chain. 
(If  wished,  thesi*  weights  may  be  arranged  to  run  the  other  side  of  the 
fi'ont  oven  wall,  and  o\'er  tlie  oven.)  When  fiee,  the  weights  are  just 
sullicient  to  kei'p  tlu^  door  o])en  ;  the  slnitting  arrangenu'nts  shown  in 
Kigun*  7)7.  The  rod,  .M  K,  has  a  small  eccentric  at  either  (md  ;  when 
the  handle,  1.  K,  hangs  vertical,  the  door  is  fns',  and  easily  slides  up 
and  down.  <  )n  raising  i.K  to  the  horizontal  ])osition,  the  eccentrics 
grij)  the  door  and  hold  it  lirmly  at  any  part  of  its  travel,  ^\'hen  tlie 
door  is  closed,  a  V  shajied  lug,  N,  on  its  lower  edge  drops  into  a  cor- 
responding  recess  on  the  frame,  o,  thus  holding  the  lower  I'dge  clos(‘. 
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to  the  franu'work.  Tin'  eccentrics,  on  beinn’  ti,i,4iten(Hl,  tend  not  only 
to  ftrip  tlic  top  of  th('  door  a_i>'ainst  the  frame,  hut  also  to  forcti  it  as  a 
whole  downwards,  thus  tightening  its  joint  over  the  whole  of  the  face. 

537.  Advantages  of  the  Climax  Drawplate.-  -The  precial- 
ing  paragrajih  desorihes  the  essential  points  of  the  dm  wplatt*  ;  a  few 
words  may  apj)roj)riately  he  here  introduced  as  to  its  advantages  over 
all  forms  of  peel  oven.  Tn  the  first  place,  it  can  he  loaded  with  grt'at 
speed.  Witli  an  oven  of  sack  size  it  is  no  uncommon  thing  to  open 
tlie  o\'en  door,  draw  the  plate,  load  it,  run  in  the  hatcli,  and  again  close 
the  door  in  one  minute  ami  forty  seconds.  So,  too,  tlu*  unloading  can 
he  performed  in  eipial  time.  Contrasting  this  with  the  time  occupied 
in  tilling  and  emptying  an  ovmi  with  a  peel,  it  at  once  hecomes 
apparent  that  greater  ra})idity  of  baking  is  attaiiu'd  in  this  oven  than 
is  possible  by  any  other  means.  Further,  the  drawplate  does  not 
re(juire  the  services  of  experienced  “  scatters,”  and  consequently  less 
expensive  lal)our  is  necessary  ;  while  in  case  of  emergency  these  ovens 
could  he  tilled  by  hands  ab.solutely  uiuiccustomed  to  the  baking  trade, 
a  matter  of  impossibility  with  a  jieel  oven.  In  the  next  place,  all  the 
bread  is  in  the  oven  the  same  period  of  time,  and  so  absolute  eipiality 
of  baking  is  attained.  In  conseciuence  of  this  there  is  a  much  less  loss 
of  weight  of  bread  while  baking.  A  most  substantial  economy  is 
effected  in  this  manner  ;  for  it  is  evident  that  when  some  loaves  are  in 
the  oven  twenty  minutes  to  half  an  hour  longer  than  others  they  must 
lose  more  in  weight.  The  actual  amount  of  the  saving  in  weight 
attributable  to  the  Climax  drawplate  has  been  estimated  by  a  number 
of  u.sers  of  this  oven  at  a  half-ounce  p(*r  2-lb.  loaf.  The  best  evidence 
of  the  (juality  of  the  baking  is  the  testimony  of  tho.se  who  have  seen 
the  oven  at  work.  The  bread  is  characterised  Im  a  ])erfect  bloom,  and 
the  loaf  is  bokh'r  and  tiner  than  that  baked  in  iron  surface  ovens 
(whether  crown  or  sole).  Doubtless  this  is  due  in  jiart  to  the  fact  tlmt 
the  ovens  are  jierfectly  steam-tight  :  this  property  also  enables  the 
ovfui  when  desired  to  jiroduce  bread  with  a  very  thin  crust.  On  the 
other  hand,  there  is  no  ditiiculty  in  obtaining  lu-eud  as  eiusty  as  can  bi‘ 
wished. 

The  automatic  maiTing  of  the  name  on  the  bottom  of  each  loaf  by 
means  of  the  drawplati*  tiles  has  considerable  commercial  value  as  an 
<advertisement. 

538.  Combination  Double-Decker  Climax  Oven.  This 

being  the  tyjie  of  ovmi  most  generall}"  u.seful,  is  .selected  for  illustration 
on  Plate  Xill.  As  the  name  implies,  it  is  a  cr)ml)ination  of  a  lower 
<lrawplate  oven,  with  a  peel  oven  aljove.  The  di’awplate  stands  at  a 
much  less  height  from  the  llo(.(r  than  tlu;  sole  (jf  an  ordinary  peel  oven, 
and  so  permits  the  oven  aljove  to  be  ari'anged  at  such  a  height  as  to  be 
■conveniently  worked  with  a  jaad 

biscussing  for  a  moment  the  gmieral  ajiplicability  of  these  o\'ens  to 
bakery  purposes,  it  will  be  well  to  cla.ssify  these  according  to  tin;  main 
class  of  work  clone.  Then;  is  first  tin;  factory  bakmy,  c\'here  bread  is 
baked  in  large  (juantities,  to  the  exclusion  of  all  other  kinds  of  goods. 
Dn  the  other  hand,  there  is  the  smaller  bakery,  in  which  a  mixed  trade 
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is  ticinif  done,  one  and  tlio  saiii(>  sat  of  ovens  lieiny  re([inr(‘d  to  dakt- 
di’f'ad,  pastry  oi-  “small  goods,”  and  cakes. 

The  ovmis  })Iiotograpli(nl  wtn’i'  an  installation  oi'deri'd  foi’  a  large 
whoh'sale  trade  eonlined  to  hi'i’ad  only  :  unfoi'tnnately,  during  the  pri*- 
]>aration  of  this  work  for  the  jii’ess,  th(‘  whole  bakery  has  been  destroyed 
by  tiny  but  the  author  has  just  btsui  commissioned  to  rebuild  samo 
precisely  as  eri'cterl  in  the  first  instance,  thus  showing  most  conclusiveh' 
their  general  yalue  and  suitability. 

luruig.  -It  will  be  of  sei'viee  to  describe  such  moflilications  in  tho 
methods  of  working  as  the  use  of  special  oymis  such  as  these  requires. 
Taking  tii'st  the  case  in  point,  where  a  large  bnsid  trade  is  being  flone. 
Assuming  that  work  is  started  at  4.0  a.m.,  it  is  well  to  tire  the  ovens 
oyernight.  I  >uring  the  day  time  the  furnaces  and  ashpits  will  have 
been  thoroughly  cleared  out.  If  ja'acticable,  the  tires  should  be  started 
by  taking  some  live  (red  hot)  coke  from  another  furnace,  and  placing 
it  in  that  of  the  ovmi.  Failing  this,  it  is  well  at  the  close  (^f  working 
the  ovmis,  after  cleaning  out  the  ashjiits,  to  throw  in  them  a  few 
shovelsful  of  clean  coke,  and  shut  the  doors  on  it.  The  warmth  of  the 
ashj)it  will  thoroughly  dry’  the  coke,  and  thus  render  it  much  more 
easily’  ignited.  INIake  up  the  tire  with  a  very  few  sticks  (old  butter 
tubs  answer  admirably)  and  this  dry’  .and  warm  coke  ;  with  a  little  care 
the  tire  lights  readily.  In  flue  ovens  coal  should  never  be  used  : 
if  properly  designed,  they  work  efficiently  with  coke,  and 
coal  very  speedily  chokes  the  flues,  and  detrimentally  affects 
the  baking  properties  of  the  oven.  For  a  similar  reason  an  oven 
fui’iiace  should  not  be  used  for  burning  egg  shells  ami  all  the  general 
waste  and  debris  of  a  bakehouse.  When  it  is  insi.sted  on,  then*  is  no' 
ditliculty’  in  getting  the  tires  lighted  and  startl'd  with  coke.  A  word 
may  be  said  as  to  the  (luality  of  coke  employed  foi’  oven  tiring  tin* 
best  is  the  clu'apest.  Itetort  coke  (/>.,  that  ol>tained  from  the  retorts, 
of  gas-works)  is  better  than  oven-coke  (/.r.,  coke  manufactured  in  coke 
ovens).  A  hard,  clean,  porous  coki*.  in  cauliflower  lumj's,  is  that  best- 
suited  for  oven  tiring.  It  must  not  lx*  soft  or  dusty’. 

The  fires  being  started,  the  furnaces  should  be  tilled  with  coki*,  the 
main  damper  slujuld  be  drawn  full  out  and  the  furnace  dooi's  closed, 
those  of  the  ashpit  remaining  open.  Let  the  tire  in  this  manner  draw 
up  until  pi'i'fectly’  bright  right  through,  then  partly  close  the  ashpit 
doors  and  ])Ush  in  the  main  dampi'r  until  then*  is  only  just  (*nough 
diaught  to  cause  slow  but  (di'ar  combustion.  A  very  little  e.xperience 
shows  tlu*  right  point  for  this.  In  the  morning  the  ovens  will  bt*  very 
iK'arly’  at  baking  h(‘at,  while  the  tii'i*  will  be  still  alight.  Draw  out  the 
damjier  and  make  up  the  lire  tirst  thing  in  the  morning,  so  as  to  supply 
heat  for  maintaining  tlu*  ovens  at  baking  ti'inperat ure. 

Nature  of  Coke  Conibiistion.  'I’his  is  of  gi'i'at  i)ractical  importance  in 
connection  with  the  whole  subject  of  the  tiring  of  oven  furnact's,  and  so- 
nu'rits  a  sonu'what  careful  (>.\amination.  First  of  all,  coke  has  the 
advantag('  of  producing  an  absolutc'ly’  smokeh'.ss  tire,  and  so  all  soot 
deposits  and  their  inconvt'niences  are  entirely  obviated.  On  the  other 
hand,  the  combustion  of  carlxui  Ix'ing  tlu*  burning  of  a  llameless  solid, 
the  luiat  produci'd  is  not  only  inti*ns(*,  but  also  very  local,  so  that  the 
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t’liniaco  itsolf  is  vi'ry  Iiot,  coinparod  witli  tlial  of  fliii's  at  some  Iittl(> 
(listaiK‘(>.  Tliis  iv(]uirt‘s  can't'iil  desio-niipn',  so  tliat  due  provision  shall  lie 
inadt'  tor  the  ready  transmission  of  this  local  liivit  :  granted  proper 
arraiiijjeinents,  however,  this  localisation  of  heal  in  no  way  interfen*s 
with  the  piM'fectly  elhcient  working  of  coke  fired  ovens. 

Although  coke  hums  tlanielessly,  yet  one  usually  .sees  more  or  less 
pale  blue  llame  over  the  surface  of  a  coke  lire.  This  latter  is  due  to 
the  formation  and  subsequent  combustion  of  carbon  monoxide  according 
to  the  following  equations.  The  air,  in  passing  up  through  the  red  hot 
coke  of  the  tin',  forms  carbon  monoxidi',  thus  : — 

•-’C  +  O2  =  I'CO. 

OxygtMi.  Carbon  Monoxide. 

Ihe  gas  rises  to  tin'  surface,  and  there,  on  meeting  with  excess  of 
air,  undergoes  combustion,  thus  ; — 


2C0  +  O,,  =  200^. 

Carlion  Monoxide.  Oxygen.  Carbon  Uioxide. 

In  this  way  the  piroduction  of  cai’bon  mono.xide  indirectly  cjiuses  ii 
flame  combustion  from  coke,  and  thus  produces  heat  in  such  a  form  as 
to  be  more  reailily  conveyed  away,  so  f;ir  as  tlie  flames  will  reach,  from 
the  furnace  into  the  flues.  Hut  unless  complete  combustion  of  the 
carbon  monoxide  occurs,  there  is  a  very  serious  loss  of  heat.  This  is 
readily  seen  by  studying  the  thermal  effect  of  the  burning  of  carbon 
and  carbon  monoxide  respectively.  One  gram  of  the  former  evolves 
during  combustion  SO.SO  heat-uidts,  while  the  .same  quantity  of  the 
latter  produces  26.14  heat-units.  From  the  eejuations  above  gi\'en  it 
is  readily  calculated  that  1  gram  of  carbon  produces  2‘.‘1'1  grams  of 
carbon  monoxide.  And  further,  this  (juantity  of  carbon  monoxide 
must  jiroduce  in  liu ruing 

2-;i:l  X  26:14  =  6146  H.r. 

but  as  the  gram  of  carbon  only  evolv'es  8080  heat-units,  we  have 
8080-6146  =  19:14  H.U.  profluced  in  the  burning  of  1  gram  of  carbon 
to  monoxide. 


Summing  up — 

Heat  2)roduced  by  1  gram  of  carbon  burning  to  monoxifle, 
>)  )>  51  combustion  of  the  carbon  monoxide 

yielfled  by  1  gram  of  carbon. 


Heat  Units. 

19:14 

6146 


...  ...  ...  8080 

^\  hatcA'cr  quantity  of  carbon  mono.xide  therefore  escapes  combustion, 
nie.ins  a  loss  of  over  thr<‘e-(piarters  of  the  heat-jiroducing  powf'r  of  the 
carbon  it  contains.  To  prevent  this  loss,  air  should  gain  access  to  the 
coke  after  they  leave  tiu*  coke.  In  ]>ractice  this  end  is  attained 

by  letting  the  furnace  doors  lie  slightly  open-  it  is  jio.s.sible,  however,  by 
haying  the  ojiening  too  big,  not  oidy  to  cut  off  tlu'  draught  from  the  lire, 
but  also  to  absolutely  cool  Uie  oven  by  the  admi.ssion  of  excess  of  cold 
an  into  the  flues.  1  heoreticall}’,  the  right  thing  would  be  to  keep  tbe 
uinace  closely  shut,  and  thus  favour  the  production  of  cai’bon  mon¬ 
oxide',  ju’oviding  for  its  comliustion,  heyoiid  the  fire,  by  admitting  air  on 
the  flue  side  of  the  “  bridge,”  or  back  wall  of  the  furnaei'.  Such  an 
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opening  would  need  to  Ite  regulated  so  as  to  aflinit  the  exact  (juantity 
of  air  witli  the  utmost  idcety,  as  too  little  would  nu’an  iun)erfect  com- 
hustion,  and  too  much  a  ilirect  cooling  of  the  oven.  The  ju’actical 
ditliculties  of  such  an  arrangement  mor(^  than  compensate  any  theoretical 
advantages. 

Not  oidy  among  those*  in  charge  of  ovens,  hut  alse^  furnace-men 
generally,  tlu're  is  a  widely  s^ji-ead  opinion  that  tlu^  admission  of  steam 
hetwe(>n  tin*  liic'-hars  into  the  tire  is  greatly  advantageous.  To  such  an 
e.xtent  is  this  view  held  that  lire-bars  have  b(‘en  patented  and  used  in 
boilers,  which  are  made  hollow  and  perforated  for  the  adnnssion  of  steam 
iH)wards  into  the  furnace.  From  extensive  experiments  that  have  been 
made  by  large  steam  u.sei's,  and  which  hav(>  cf)me  under  the  author’s 
notice.  In*  is  assured  that  a  distinct  saving  of  fuel  is  gained  when 
measured  by  that  most  crucial  of  all  tests,  a  three  months’  fuel  bill.  In 
these  tests  the  only  diU’erence  made  was  that  steam-admitting  bars 
were  substitut(*d  for  the  ordinary  solid  tii-e-bars.  Furnace  men  obtain 
roughly  the  same  ell'ect  by  jilacing  vessels  of  water  in  the  ash])it,  l)y  the 
evaporation  (jf  which  a  supply  of  steam  is  ])roduced. 

The  claimed  advantages  are  (1 ),  comparative  absence  of  cliid'Cering, 
and  concurrent  longer  life  of  fire-bars  ;  (2),  cleaivi*  tire,  bettei'  draught, 
and  consequent  more  even  heating  of  oven  ;  (G),  saving  in  fuel.  The 
existence  or  otherwise  of  these  benetits  is  best  determined  by  individual 
practical  (‘xperinu'iit,  and  will  probably  vaiy  according  to  type  of  oven 
and  character  of  fiu*!  employ(‘d.  Hut,  assuudng  that  the  number  of 
observers  who  unitt*  in  these  opinions  are  mjt  entirely  nnstaken,  it  is 
well  to  imiuita*  whether  such  oiiinions  ha\  e  any  scientific  justification. 

Clink(*ring  is  due  to  oxidation  c^f  the  iron  of  tlu*  bars,  and  subseipient 
fusion  of  such  oxide  into  a  slag,  by  coiidiination  with  siliceous  matter 
from  the  coke.  So  far  as  steam  helps  to  a\oid  clinkering,  it  is  pi'obal)ly 
due  to  its  exei'cising  a  local  cooling  etl'c'ct  on  the  bars.  If  cliidvers  are 
avoided,  tlu'i'e  is  necessarily  a  clccarc'r  fii'e,  and  as  a  nc'cessary  consec|uence 
a  bettc'r  draught,  as  the  air  finds  its  way  through  more  readily.  (toocI 
draught  tc'iids  to  prc'vent  the  formation  of  clinkers,  and  the  absence  of 
clinkc'i’s  lu'Ips  tluc  draught,  so  that  each  of  these  reacts  favourably 
on  the  other.  A  geneial  result  is  a  more  even  distribution  of  heat 
throughout  the*  ovem. 

The  thii’d  claim  of  saving  of  fuel  re(|uires  carc'ful  examination.  It 
will  be  bc'st  to  first  deal  with  the  chemical  changes  jirodueed  by  the 
passage  of  steam  over  red  hot  coke:  carbon  monoxide  and  hydi’ogen  are 
■evolved  in  abundance  according  to  the  following  ecpiation  :  - 

C  -I-  lIjO  =  CO  -t  II.,. 

Carlxpi).  Water.  CarlHiii  -Mmioxide.  llyilrc)s;eii. 

Sub.se([uently,  with  excess  of  air  we  have, 

CO  +  II,  +  (>,  =  CO,  +  ii.,o. 

CarlaiM  .\loMo,\i(le.  Ilyclriigen.  Oxysjen.  Carlioii  Dioxide.  Water. 

It  will  be  noticed  that  tin*  same  (|u:intity  of  steam  which  passes  into 
the  fii-e  i*sc:ipes  as  such  tit  the;  close  of  the  combustion  i)roei>sst>s  ;  there¬ 
fore  the  stc'am  neithei*  incrc'asc's  nor  diminishes  the  number  of  units  of 
beat  produced  by  the  ultimate  combustion  of  flu*  carbon  to  its  dioxide. 
Any  saving  can  only  possibly  be  due  t(j  tlu^  condtustion  being  to  a  much 
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iiivatiM-  extt-iit  a  .-jjascous  one  ;  and,  as  has  Ikmmi  Ix-furc  (>.x2)]ainc(l,  ,<,nis('oiis 
coinhustion  ni(>ans  ni(»r(>  nxidy  and  cna'ii  boat  t  ransmission,  and  tlan  cd'orc 
economy.  Absence  of  clinker  and  imj)roved  drau,^lit  ar(>  in  them.selves 
of  course'  indirt'ct  soui'ces  of  economy  of  fuel.  It  is  a  somewhat  jeopular 
error  that  a  piin  due  to  an  absolutely  inci'('ased  amount  of  heat  is 
ertected  in  this  ca.se  by  tiie  combu.stion  of  the  hydroy-en  produced  :  it 
must  be'  remembered,  however,  that  iirecisely  the  .same  epiantity  of 
heat  IS  n'quired  for  the  dissociation  of  water  into  its  component  gases 
as  IS  set  free  by  their  subseipient  combination.  Con.seipiently,  m/out- 
side  heat  is  liberatefl  by  this  decomposition  and  re-combination  of  th(' 
constituents  of  water. 

Chimney  and  Dampers. projx'r  manipulation  of  the  draught  is 
a  most  important  point  in  oven  management;  and  tirst  of  alTit  is 
necessary  to  insure  that  the  prfiper  means  for  obtaining  a  di-aught  are 
m  existence.  To  commence  with,  a  hermetically  sealed  stokehole  can¬ 
not  _\ield  a  draught:  there  must  be  ample  ju'ovision  for  the  frei'  ad¬ 
mission  of  air  to  the  furnaces.  Further,  there  must  be  a  sutHciencv  of 
chimney  to  create  a  brisk  current  of  air  througli  furnace  and  tfues. 
liie  cost  of  eri'ction  of  a  chimney  is  comparatively  little,  and  unless 
tliat  already  provided  is  absolutely  beyond  suspicion,  it  is  tlu'  most 
economical  course  to  build  a  fresh  chimne}'  for  a  new  oven.  Such 
cliimney  should  be  of  sutheient  .sectional  area,  carided  well  above  neifdi- 
liouring  roof-ridge.s,  and  jireferably  built  straight  up  from  the  back”or 
side  walls  of  tlie  oven  itself.  Its  thickness  should  be  sufficient  to  i.re- 
vent  water  being  driven  through  the  sulistance  of  the  brickwork  :  for 
tlie  saiiK'  reason  close-textured  bricks  should  be  .selected.  The  sectional 
areashmild  be  maintaim'd  throughout  the  whole  length  of  tlii' cliimney  • 
and  on  no  account  should  the  chimney  be  .spoilecl  by  having  a  small 
diameter  pot  placed  on  its  summit.  Whatever  advantage  the  greater 
height  of  a  ])ot  gives  is  far  more  than  taken  away  by  tlie  dimrnish('d 
sectional  area  it  causes.  It  is  therefore  far  lietter  to  carrv  ui.  the 
cliimney  it.self  to  the  requisite  height,  .siniplv  finishing  tlii'^  work  in 
cement,  or  placing  on  a  plain  cast-iron  cap. 

The  position  of  dampers  varies  somewhat  with  each  individual  oven, 
hut  a  few  hints  may  be  given  as  to  their  general  management.  I'akiim 
die  combination  oven,  both  ovens  to  be  used  for  bread,  the  toil  oven 
IS  mjuired  to  be  as  hot  as  the  lower.  It  is  therefore  generally  found 
be.st  so  to  arrange  the  dampers  that  all  the  h.'at  ,,a.ss,'s  umler  the  draw- 
p  ate  o\en  and  then  has  the  passage  to  the  middle  or  No.  2  Ihu',  and 
also  that  direct  to  the  top  or  No.  Hue,  both  open.  A  portion  of  tin- 
eat  then  pa.sses  through  both  No.s.  2  ami  :}  flues,  and  another  portion 
ffi.ict  to  No.  3  flue.  Ihis  arrangement  of  dampers  when  once  made 
ovens  'I'sturbing,  and  is  very  suitable  for  bread-baking  in  both 

It  will  probably  be  more  convenient  to  continue  the  de.scription  of 
I'  u.se  o  the  ovens  for  exclu.sive  bread  manufacture;  work  of  the 
dampers  for  a  mixed  trade  will  therefore  be  referred  to  subsi'ipienf ly. 

Mode  of  U'orking  -As.su mi ng  that  fires  have  b.-en  made  up 

at  4.0  A.M  ,  as  .soon  as  the  pyrometc'r  shows  any  .signs  of  rising,  thus 
ieiiionstrating  that  the  heat  of  the  ovens  is  .solid,  clo.se  the  main  damper 
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and  furnace  and  aslipit  d(;or.s.  Should  the  lower  oven  have  become  too 
hot  durini;’  tin;  night  (a  thing  which  with  ordinary  care  need  never  occur), 
the  drawplate  should  he  drawn  and  allowed  to  cool  ;  this  will  niucli 
diminish  the  heat  of  the  oven  on  its  retui’ii.  Allowing  the  oven  door 
to  I'einain  oi)en  an  inch,  and  keeping  the  steam  dam])er  which  is  at  the 
hack  of  the  oven  open,  will  draw  a  current  of  air  thnjugh  the  oven, 
and  cut  otl  undue  toj)-heat.  The  ovens  being  at  the  right  temperature, 
the  bread  will  probably  be  ready  to  go  in  about  6.0  to  6.60.  The  top 
oven  should  first  be  tilled  with  the  peel,  and  then  the  drawplate 
loaded. 

The  woi  king  with  the  drawplate  lu'.eds  rather  different  treatment  of 
the  bread  than  does  the  peel  oven.  Tt  must  be  remembered  that  the 
whole  of  the  oven  load  goes  in  at  once  ;  therefore  all  the  bread  must 
Ije  allowed  to  get  a  fair  degree  of  “proof”  before  being  j)ut  on  the 
plate.  For  this  purpose  get  all  the  help  available  on  the  bread  on  the 
moulding  table,  and  as  (}uickly  as  possil)le  place  the  moulded  loaves  on 
Ijoards  about  7  ft.  long  liy  2  ft.  wide.  If  cottages  are  being  made,  the 
top  and  bottom  of  each  cottage  must  be  jilaced  on  the  board  side  by 
side.  Cover  over  the  bread  with  a  piece  of  ilannel,  so  as  to  preserve 
from  “  .skinning  ”  by  contact  with  cold  air,  and  place  the.se  boards  in  a 
rack  provided  for  the  purpostr  (In  cold  weather  it  is  an  advantage  to 
have  a  curtain  which  will  let  down  over  the  front  of  this  rack.)  As 
soon  as  the  whole  of  the  bread  has  acquired  a  sufficient  amount  of 
j)roof,  the  oven  plate  should  be  withdrawn,  the  door  shut  behind  it, 
and  the  loading  at  once  commenced,  and  carried  through  with  tiie  ut¬ 
most  celerity.  Two  hands  who  act  as  settt'rs  should  jilace  themselves 
one  on  each  side  of  the  j)late,  commencing  at  the  back,  and  two  others 
should  l)ring  u))  a  board,  laying  it  across  the  ])late.  Cottage  loaves 
should  have  their  toi)S  “  bashcal  ”  on  while  on  the  board,  and  then  be 
placed  on  the  centre  of  a  tile.  “  Coburgs  ”  or  “  Hrunswicks  ”  should 
l)e  placed  on  without  being  cut,  the  whole  oven  load  being  scored  with 
the  kinfe  last  thing  after  loading.  While  the  setters  are  loailing  uj) 
the  bread  of  one  board,  the  other  men  should  bring  up  the  next  board, 
and  take  away  the  empty  one,  continuing  this  until  the  ])late  is  filled. 
If  there  are  only  two  men,  they  must  of  course  fetch  and  cariw  brt'ad 
boards  for  them.selves.  The  object  is  to  load  as  quickly  as  po.ssible, 
and  this  should  be  effected  in  from  one  and  ;i  half  U)  four  minute.s, 
according  to  the  kind  of  bread  and  the  amount  of  help  available.  The 
l)ack  of  each  plate  is  provided  with  a  water  “  upset  ”  (cast  iron  water 
ve.s.sel).  This,  on  being  tillcal,  cuts  off  any  hack  or  top  lu‘at,  and  at  the 
same  time  adds  materially  to  tin;  l)loom  and  apjx'arance  of  the  bread, 
experience  is  soon  gained  as  to  the  right  (piantity  of  water  U)  be  used, 
which  will  dejjcnd  somewhat  on  whether  tin*  oven  is  full  hot,  or  oidy 
at  av(‘rage  UmqH'rature.  Wlum  the  V)read  is  about  half  baked,  the  tires 
may  be  made  up,  and  the  oven  reheated  in  readiness  for  the  next 
hatch.  Woi-king  sliarj)!}’  in  the  way  indicated,  the  lower  oven  of  bread 
may  very  possibly  be  the  first  ready,  in  which  case  the  jjlate  should  be 
withdrawn,  uidoaded  shar))ly,  l•eturn('d,  and  the  ui)p(‘r  one  di'awn  with 
the  j)e(d.  I!y  the  time  the  interval  of  unloading  thi‘  ui)j)er  oven  is  over, 
the  next  batch  of  bread  will  be  approaching  readine.ss.  It  will  be 
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inoiildtHl  uj>,  ;ui(l  prohably  tlu'  draw  plati'  again  lillad,  aider  wliieli 
tollows  tlie  p(‘el  oven.  The  object  of  tins  ariaiigeiiient  is  that,  if  any- 
thiiig,  tlu^  upper  oven  does  not  accpure  so  liigli  a  teinjierature  as  tlie 
lower  one,  and  tlu'refore  it  is  not  well  to  follow  (jn  <|uite  so  rapidly 
with  baking  in  it  us  is  doiu*  with  the  lower  draw’j)late.  Where  both 
(liiartiM-n  and  half-quartern  loaves  are  being  made,  it  is  a  good  plan  to 
use  the  upper  oven  for  the  former,  as  th('>  slightly  lower '  temjH'rature 
suits  the  longer  soaking  retjuired  for  the  larger  loaves. 

Use  Jor  Mixed  Trade.  Ibne  the  arrangements  wdll  slightly  differ, 
as  provision  must  not  oidy  be  made  for  l)read-baking,  but  also  for  that 
of  cakes  and  pastiy.  It  is  usually  advi.sable  to  set  the  damper  .so  that 
the  heat  pas.ses  through  all  three  Hues  in  regular  succes.sion.  Jn  this 
way  the  top  oven  is  heated  to  a  somewhat  lower  tempeiature  than  the 
lower  one.  A  very  good  i)lan  is  to  keep  the  dampers  out,  as  before 
suggest(*d,  for  the  greater  heating  of  the  top  oven  during  the  night,  and 
then  first  thing  in  the  morning  to  shut  (fff  the  direct  passage  to  Nt).  3 
Hue.  This  will  give  a  hot  top  oven  suitable  for  a  first  batch  of  bread, 
simultaneously  with  the  drawplate,  after  which  the  top  oven  becomes 
cooler,  and  may  be  u.sed  for  liaking  cakes.  With  the  two  ovens  thus 
aiianged,  the  lower  one  is  at  a  high  bread-baking  tempi'rature,  and 
may  bt*  maintained  at  that  point,  while  the  ujajjer  oven  is  cooled  down 
for  other  purposes.  If  the  baking  of  bread  and  other  goods  in  the 
upper  oven  has  not  lowered  its  temperature  sufficiently,  it  may'  be  still 
further  cooled  by  opening  the  door  and  also  the  steam  damper  ;  the 
current  of  air,  which  passes  through  readily,  brings  dowm  the  tempera¬ 
ture  to  any  desired  point,  for  many  mixed  trades  the  three-decker 
with  yet  another  upper  oven  is  found  useful.  This  jirovides  for  the 
baking  of  very  low  temperature  goods,  such  as  bride-  and  other  rich 
cake.s.  The  third  oven  is  easily  reached  by  means  of  a  step  fixed  on 
tlie  drawjjlate  carriage. 


Peel  Ove;is.~n\eHki  eaU  fur  nu  special  remark  as  tu  use;  tliey  follow 
very  closely  the  lines  of  ordinary  ovens,  except  that  they  are  continuous. 
Ilie  dampers  are  generally  best  left  .so  that  the  heat  finds  its  way  direct 
to  the  crown  of  the  lower  oven  and  the  upper  oven  ;  by  this  means  a 
sharp  top  heat,  and  conseiiuent  good  bloom  on  liread  and  other  goods  is 
obtained. 

Fieniia  Very  successful  Vienna  ovens  have  b(>en  laiilt  on  the 

Ciimax  principle.  The 
essential  point  about 
thesi*  ovens  is  that  they 
are  sIojkmI  upwards  from 
the  mouth,  the  object 
bidng  to  ('iisure  the  re- 
tiMition  of  st(‘am,  which, 
being  lighter  than  air, 
alw'ays  tiuids  to  ri.se. 
'I'he  slope  is  so  arranged 
peel  laid  upon  the  sole  Just  clears  the  to})  of  the  iloor,  as  shown 


Kio.  58.  — i)1.\(;k..\.\i.matic  seciio.n’  ok  (  r.iMw 

VIENNA  OVEN. 


that 


liy  dotted  line  in  Figure  38. 
S,  it  gradually  fills  the  oven. 


When  the  steam  is  let-  in  liy  jiipe  marked 
ilacing  the  air  until  the  hwel  of  the  steam 
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i'(‘acli('.s  tlie  toj)  of  tliP  ovpil  doot-  as  sliowii  by  the  dotted  line  r,.  As- 
pi-eviously  explained,  the  result  of  baking  in  this  manner  is  the  i)roduc- 
tion  of  a  glaze  on  tlu^  bread  or  rolls. 

Climax  Vienna  ovens  may  be  either  built  separately  in  one  or  two 
decks,  oi-  the  Vienna  oven  may  be  erected  as  the  ujiper  oven  of  a 
combination  decker'. 

539.  W^ater  HeatiDg.  The  most  convenient  method  of  pro¬ 
viding  a  hot  water  sujiply  for  bakery  purposes  is  by  means  of  a  boiler 
built  into  and  forming  part  of  the  oven  .structure.  A  small  boiler  may 
b(!  ])lac»‘d  in  one  of  tier  Hues  in  close  jrroximity  to  tin*  fire,  and  connected 
up  by  means  of  How  and  return  pipes  to  the  hot  water  cistern.  This 
coui'se,  however,  is  not  recommended,  as  it  is  not  advisable  to  intei'fei'e 
with  the  bi'ickwork  so  close  to  the  tires.  A  much  better  plan  is  to  place 
a  larger'  heating  boiler'  on  the  toj)  of  tin*  oven,  and  car'r'y  the  oven  Hue 
round  it  after'  it  has  left  the  cr-own  of  the  top  oven.  The  boiler  here  is 
easily  accessible,  and  has  the  advantagrr  of  being  heated  entirely  by 
waste  heat  after  it  has  left  the  oven.  The  How  and  retur'ii  pipes  should 
be  at  least  llj  inches  bore,  and  .should  be  connected  up  in  the  ordinary 
manner  with  a  supply  cister'n  at  the  to})  of  the  building.  Pi}ies  will  be 
led  fr'orn  this  to  the  attern})er'ating  tard-c  and  any  other  hot  water'  dr'aw- 
olts. 

540.  Other  Baking  Appliances.  —  in  a  moder'u  b;dn*i'y  thei-e 

are  other'  mechanical  a})}iliances  which  consider-ably  lessen  labour',  and 
enhance  cleanliness.  Wh(>r'(‘  fer-rnents  are  used,  ther-e  are  a}H)ar'atus  for 
washing  arrd  cooking  the  jrotatoe.s.  Ther-e  are  also  })or'table  r-acks, 
carr  i;tges,  and  tr  ucks  for-  the  corrveyance  of  dough  air<l  br-ead.  Di'scr'ip- 
tion  of  these  scar'cely  however-  fall  within  the  sco})e  of  the  })r'e.spnt  wor-k. 

541.  Bakerv  Registers.  An  idmost  integrid  |)ar't  of  the  economy 
of  a  machirre  brdscry,  Jind  in  fact  any  bidcer-y  of  rnoder-ri  [rreterrsions,  is 
a  register  of  })ar'ticul;ir's  of  the  rtriking  of  each  batch  of  the  day’s  work. 
This  should  be  in  book  form,  and  alTor-ds,  when  })r'0})er'ly  ke})t,  a  rrrost 
viduable  r-ecord  of  wor-k  done,  and  also  gives  the  nreans  of  checking  .same 
fr'orir  day  to  ilay.  The  author-  has  had  ])r'iuted  a  I'egister-  in  which  the 
following  is  tlnr  heading  of  tin;  day’s  wor'k  ;  -  - 

IJAKEllorSE  llEdlSTFdb 

. IS!).  .  lligln'st 

Lowest 

'rem})erature  of  b,'d<ehousi‘  at  time  of  setting  1st  .s})onge . 

Ther-e  therr  follow  the  var'ious  cohnrrn  In'adings,  arr-arrged  right  acr'oss 
two  }iage.s  of  the  book,  in  the  followirrg  or-der- :  NurnlR-r  aitrl  kind. 
Water-  ((|uar)tity)  'rem])er'atirr'(>.  Yeast,  kind  and  (}uarrtity.  Salt. 
Elour-.  Flour-  tem})er'atur'e.  S))oirge  when  .set.  T('m})er'atur'e  wherr 
set.  When  taken.  Ib'mar  ks.  'I’ime  when  trUcerr.  Water-.  ’rem})er'a- 
tur-e.  S.'dt.  Flour-.  I  )ough  tem})eratur'e.  Oventirrre.  No.  of  Loaves, 
llernarks. 
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feucli  ii  register  may  I.e  amplified,  simplified,  or  modified,  accordino-  to 
the  requirements  ot  any  particular  mode  of  working.  The  svstein  of 
testing  the  temperature  of  a  sponge  when  set,  and  when  taken  often 
gives  iisetul  information  as  to  its  condition.  With  any  uniform  method 

ouanH  v"”’wT  M temperature  is  very  nearly  a  constant 
quantity  .  hen  the  rise  is  excessively  low,  the  sponge  is  likely  to  have 
heen  starved  or  the  yeast  weak;  if,  on  the  other  hand,  there  is  an 
abnormally  high  rise,  the  fermentation  will  have  been  too  vigorous,  and 
have  proceeded  beyond  its  proper  limit.  In  either  case  a  useful  diagnosis 
of  the  condition  of  the  sponge  is  afforded  at  a  time  when  it  is  possible 
to  take  steps  toward  remedying  either  evil. 


GG 
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CP[APTER  XX. 

ANALYTIC  APPARATCS. 

542.  Commercial  Testing  and  Chemical  Analysis  of 
Wheats  and  Flours. — The  remainiu*;  }K)rtioii  of  this  work  will  be 
devoted  to  practical  directions  for  testing  and  examining  wheats,  Hours, 
and  breads.  As  a  matter  of  convenience,  the  various  anal\dic  operations 
are  divided  into  two  classes  :  Hrst,  those  which  are  more  readily  per¬ 
formed,  and  which  atford  information  having  the  most  immediate  bearing 
on  the  actual  value,  of  wheats  and  Hours  ;  and  second,  those  determina¬ 
tions  which  are  more  purely  chemical  in  their  nature.  The  operations  of 
the  Hrst  class  are  comprised  under  the  heading  of  “  Commercial  Testing 
of  Wheats  and  Flours  ; their  nature  is  such  that  they  may  be  per¬ 
formed  personally  either  by  the  miller  or  baker.  The  second  series  of 
tests  requires  rather  more  chemical  knowledge  and  experience  :  they  con¬ 
sequently  appeal  more  particularly  to  the  students  of  milling  and  baking 
who  have  had  the  advantage  of  a  course  of  chemical  training  in  a  pro¬ 
perly  appointed  laboratory.  The  matter  of  the  .succeeding  chapters  has 
already  in  another  form  been  largely  used  by  such  students  of  the 
author’s  as  their  j)ractical  text-hook  in  the  laboratory.  It  is  also  hoped 
that  a  knowledge  of  how  the  operations  of  chemical  analj'sis  are  con¬ 
ducted  will  be  of  interest  to  other  readers  who  may  not  have  the  time 
or  o])portunity  of  themselves  going  personally  over  the  practical  work. 
The  chief  rea.son  why  millers  and  bakers  should  understand  analytic 
methods  is  not  that  they  will  continually  be  practising  them  in  after 
life,  but  that  they  will  often  wish  to  make  themselves  acijuaintc'd  with 
the  results  obtained  by  scientists  and  theii’  deductions  therefrom  These 
results  can  only  be  fully  understood  and  their  exact  bearing  appreciat<'d 
by  those  who  are  familiar  with  the  methods  by  means  of  which  the 
results  are  attained. 

A  descrii)tion  of  the  laboratory,  and  of  the  luincqial  analytic  aj'pa- 
i-.atus  used  in  weighing  and  measuring,  will  now  be  given  as  an  intro¬ 
duction  to  analysis. 

543.  The  Laboratory.  -  Foi-  the  bemdit  of  any  millers  and  bakers 
who  may  wish  to  lit  up  a  laboratory  for  themselve.s,  the  following  few 
hints  as  to  utilising  a  room  for  the  purpose  are  here  insertt'd.  If 
any  woi'k  is  to  b(‘  domi  beyond  th(>  roughest  i‘X]ieriments,  a  balanct^ 
and  microscopic  will  be  reciinsite  ;  tlu'.se  delicate  instrunumts  must  be 
kept  freic  from  dust,  and  so  cannot  be  expo.sed  to  the  ordinary  atmos¬ 
phere-  of  the  mill  ;  they  should  therefore'  bi>  jilaced  in  either  a  private 
oHice  or  study,  and  covered  ovi'r  when  not  in  use.  For  the  other  imr- 
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poses  of  a  elie.iiioal  lal)oratory,  almost  any  room,  or  part  of  a  room,  can 
l)e  made  to  answan-.  A  working  Ixmcli  or  table  should  befitted  in  as 
e^od  a  light  as  possible,  at  a  convenient  lu'ight.  (das,  when  obtainable, 
should  be  laid  on  to  this  bench  by  means  of  a  jiipe  terminating  in  a 
nozzle  ov(>r  which  a  pu>ce  of  india  rubber  tubing  can  be  slipped.  There 
should  be  near  at  hand  a  drain,  over  which  is  fixed  a  tap,  with  a  <mod 
water  supply.  This  tap  should  also  have  a  small  side  tap,  with  nozzle 
tor  india-rubber  tubing,  in  order  to  lead  water  into  any  apparatus  in 
which  it  IS  reipiired.  The.se  are  almost  the  whole  of  tlii'  necessary 
xiiigs.  ihere  must  of  course  be  a  few  shelves  on  which  liottles  and 
tlie  various  apjiaratus  may  be  kept.  With  time  and  money  to  siiare, 
many  additional  (ittings  might  be  suggested.  These  can,  if  wished  be 
added  afterward. 

•n  Analytical  Balance.  -  -It  is  presumed  that  the  student 

wd  liaye,  before  attempting  the  following  work,  made  himself  familiar 
witly  the  simpler  chemical  apparatus,  by  their  actual  use  in  the 
la  loratory.  Quantitative  analysis,  as  its  name  implies,  is  that  species 
ot  analysis  by  means  of  which  the  quantity  or  amount  of  each  imaedient 
in  any  particular  body  is  determined.  For  purposes  of  analysis,  quantity 
IS  measured  and  expressed  either  by  weight  or  by  volume.  Accordimdy 
the  chemist  first  of  all  i-equires  some  accurate  means  of  determiiring 
with  exactness  both  weight  and  volume. 

lor  purposes  of  weighing,  an  accurate  balance  and  set  of  wei<dits  are 
necessary.  Of  these  there  should  be  in  a  laboratory  at  least  three  of 
difierent  degrees  of  sensibility.  Taking  the  most  delicate  first,  let  us 
de.scribe  what  may  be  termed  the  “analytic  balance  proiier.”  This 
instrument  requires  to  lie  made  with  the  utmost  care  and  accuracy— 
the  figure  given  IS  an  illustration  of  an  analytical  balance  known  as 
the  haitoims  balance.  The  speciality  of  this  particular  variety  is 
lat  the  very  short  ;  it  is  claimed  for  it  that,  as  a  result,  the 

delicacy  of  the  balance  is  increased,  while  the  time  in  which  a  wei^d.iim 
IS  performed  is  lessened.  The  writer  has  had  one  of  these  balances  in 

experiLce  practical 

On  referring  to  figure  b9  it  will  be  noticed  that  the  balance  is 
enclosed  in  a  case  ;  the  bottom  of  this  consists  of  a  stout  slab  of  <dass 
ixed  on  levelling  screws.  The  front,  back,  and  sides  of  the  case  are 
..dazed  ,  and  all  open,  the  front  and  back  by  sliding  in.,  the  two  sides 
....  .mges,  a,  Tl.e  U,„„  is  s„s,,,..„ibl  a  .iila.,  wlll  h 

turn  IS  screwed  down  to  the  bottom  of  the  case.  The  beam  cairies  at 
ts  centie  a  knife-edge  made  of  agate;  this  rests  on  a  plane  of  the  same 
material  ;  on  each  end  of  the  beam  there  are  similar  knife-edgics,  ami 
om  tl.e,se  depeml  the  scale  pans.  When  the  balance  is  not  iii'u.s.’,  the 
o  'H|aring  Its  weight  on  the  knife-edge,  rests  on  a  sort 

noite  11  V  ’  i""  "‘'it  'r'"  the  jiaiis  are  likewise  sup- 

i  nted  by  the  ciadle.  Lnd.*rneath  each  pan  there  is  also  a  small 

icUon  7  Tl  ‘  re., Hired  to  set  the  balance*  in 

I'w  V  .  "I'm  7‘’  ;  thi.s,  on  being 

>  I  nc(  ly  the  opeiator,  first  lowers  the  siqiports  from  beneath  the 
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pans,  tlicn  (lro[)S  (jne  portion  of  thn  cradh*,  and  so  snsjxnids  cacli 
scale  pan  from  the  terminal  knife  edi;(‘s  of  the  heam,  ami  next  lowers 
the  o(‘ntral  knife edge  oti  to  its  agate  plane,  and  jiei’inits  the  halam-e 
to  swing.  f)n  turning  the  milled  lu'ad  hack  aitain,  the  opposite*  of  these 
movements  tak(*s  jilace*  in  re\’erse  order,  and  e:\ch  knife-edge  is  gently 


,,■1,;  5q,_s|IOR1  liKAMKl)  ANAl.V  1  ICAl.  r.M.AMl,. 


lifted  from  (lu*  agate*  \ 
of  thee  edges  hy  their 
a  halancee  would  soon 
kinfc'-edges  and  planes 


jilane.  dlic*  ohji'et  of  this  is  to  prevent  weal 
h(‘ing  continually  in  contact,  particularly  as 
he  seriouslv  injui'eil  hy  the  jarring  eausi'd  to 
liv  putting  on  and  remo\  ing  weights  w  hile 
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these  were  in  cntaet.  _  It  must  l.e  Imrue  in  mind,  as  a  -olden  rule 
o  \\ei-lun,-,  tliat  nothing-  must  be  added  to  or  removed  from 
either  pan  of  the  balance  when  the  instrument  is  in  motion 
In  ouler  to  s  mw  the  movement  of  the  l)eam,  tliere  is  a  Ion-  index 
iiger  descendin-  from  its  centre  and  movin-  in  front  of  an  ivory 
sc.de  at  the  .ottom  of  tlie  pillar.  A  descrii.tion  of  the  mechanism 
nnplo3ecl  to  effect  the.se  various  moveimmts  is  unnecessary,  .as  they  can 
( .idil3  be  understood  liy  a  few  minutes’  careful  insiiection  of  the*  instru- 
men  '  •  borne  other  attachments  of  the  balance  will  be  better 

understood  when  we  come  to  descril.e  the  operation  of  wei-hin-.  If  a 

u  ill  r  lalioratory  under  tlie  direction  of  a  teacher,  he 

I  ■  o  ml  ^1  that  he 

w  1  ^  use,  all  the  adjustments 

xNdl  h.ue  been  made  by  the  maker,  and  sliould  not  be  interfered  with 
13  him  unless  he  IS  thorou-lily  acquainted  with  the  mechanism  of  a 
.dance.  It  should  always  be  borne  in  mind  that  a  balance  must  on 
10  .account  be  altered  or  re-adjusted  except  by  some  responsible  person  ; 
heie  may  be  several  persons  workin-  with  the  balance,  and  the  one,  by 

othprr®  «ettin-  It  wron-  may  upset  the  work  of  all  the 

eis  Suppose  a  student  has  procured  a  balance  for  his  own  private 

stm’.t-  'l  .  m  If  ™''i“ent  position,  wliich  should  be  on  a 

!vei-bb  1  convenient  for 

window^]  ']  ,The  light  should,  if  possible,  be  from  a 

mdmv  behind  the  balance ;  that  is,  the  balance  should  l.e  so  place.I 

I  d,.  1?  iT'  f glaring,  while 

oner.  1 Coming  from  a  high  window  behind  the 
operator  also  answers,  but  a  strong  light  from  eitlier  side  is  not  suitable 

verZf  f  ;^'-^ftt'”fkftodois  to  get  the  pillar  of  the  balance 
tl.e  nl  1  tl'e  /"fctorius  balance,  a  plummet  hangs  from  the  back  of 

the  two  l''  over  a  corresponding  index  point  on  the  base; 

u  t  o  levelling  screws  m  ront  of  the  balance  must  be  turned  in  one 

I  o  nt  '”'1  ""  "1  Plu>'»net  is  directly  over  the  index 

nh  ce  cm-ef  r®i  e  l‘0''i"0''tal.  In  the  next 

;  t,  1  It  will  most  likely  swing  one  way  or  the  other  im- 

a  d  w  ft  open  the  right-hand  side  door 

ha  d  t<r  '^o^v•n  on  the  one  pan  with  the 

tiii-e,'-  VT  'pop  and  watch  the  vibrations  of  the  index 

k  mt  .1  r  '*"'*  '  r  all  the  .sides  of  the  case  must  l.e 

c  ostd  .IS  much  as  j.ossible  during  the  oper.ation  of  weighing.  The 
fit  e  ivory  scale  has  its  zero  in  tl.e  centre,  the  divisions  count,  each  way 

hala.Ke’l'"“  ten  ni  number  on  each  side.  Should  the 

be  correctly  adjuste.l,  the.  imiex  finger  will  swing  the  same 

V  r  Sn  r  ‘  "^ter  a  time,  as  each 

sca  t  over  the  middle  of  the 

■sh-htlv^  7  travelled  on  each  side  must  be 

to  9  iT  ^  ''ft'  ^'*'‘b°bthe  other;  thu.s,  supposing  the  in, hex  travelled 
sl-li  1  tPc  balance  is  com^ct,  swin- 

■'l.sMy  l«.s  tl.ai,  <J  t„  ll.e  riyla.  ,ay  a„.l  ll„.„  hack  to  S-,s’  o„  tl,?. 
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left.  With  a  good  balance  this  diiiiimition  is  so  litth'  for  one  or  two 
vibrations  that  practically  we  may  say  that  it  sliould  swing  eipially  on 
both  sides. 

Snell  a  balance  as  that  descrilied  is  cajiable  of  weighing  to  the  tenth 
of  a  milligram,  with  a  w(>ight  of  two  hundied  grams  in  the  pan.  In 
addition  to  this?  instrument  a  coarsi'r  balance  is  also  necessary  ;  tliis 
should  be  capable  of  carrying  a  kilogram,  and  weighing  to  the  hundredth 
of  a  gram,  balances  of  this  kintl  cost  from  thirty  shillings  to  two 
jiounds,  and  are  similar  in  principle  to  that  already  described. 

545.  Adjustment  of  Balance,  dn  ca.se  when  testing  the 
lialance  the  index  does  not  swing  to  the  same  distance  on  either  side  of 
the  zero  of  the  scale,  first  of  all  again  dust  the  balance  most  candidly, 
and  test  once  more.  In  the  event  of  this  not  removing  the  error,  the 
beam  must  be  re-adjusted  :  there  will  be  .seen  two  little  balls,  one  on 
either  side  of  the  toj)  of  the  beam,  and  running  on  two  slender  horizontal 
scri'ws  attached  to  the  bi'am — on  the  side  which  is  the  lighter,  screw  the 
ball  very  slightly  from  the  centre  of  the  beam,  and  again  test.  Repeat 
this  until  the  two  sides  of  the  beam  exactly  counterpoise  each  other. 
When  once  adjusted,  a  balance,  if  kejit  clean,  needs  no  alteration  for  a 
considerable  time,  ])roviding  always  that  it  be  carefully  and  delicately 
handled.  In  different  makes  of  balance  the  modes  of  adjustment  vary. 
To  descrilie  these  in  full  would  go  far  beyond  our  pi'esent  scope  ;  tlu' 
maker  will,  howt'ver,  in  eveiw  case  eithei-  give  directions  oi‘  see  to  the 
proper  adjustment  of  the  instrumejit  l)efore  it  leaves  his  hands  in  case 
of  its  being  a  new  one.  For  a  veiy  clearly  written  and  most  interesting 
chapter  on  the  mechanical  ])rinciples  and  management  of  the  balance, 
the  student  is  referred  to  Thorpe’s  “  Quantitativ**  Analysis,”  published 
bv  Loiminans  tt  Co. 

V  O 

546.  Analytic  W^eights.  -After  the  balance,  the  next  thing  re- 
quin'd  by  the  chemical  .student  is  an  accurate  set  of  weights.  As  a  rule 
the  chemist  returns  his  results  in  percentages  ;  it  is  therefore  of  not 
very  great  importiince  to  him,  from  that  point  of  view,  what  unit  of 
weight  he  adopts.  In  England  chemists  either  use  grain  weights  oi' 
else  tho.se  of  the  French  metric  system.  When  grain  weights  are  em¬ 
ployed,  the  set  contains  jiieces  varying  from  the  hundredth  of  a  grain  t)>- 
1000  grains.  From  its  much  greater  simjvlicity,  weights  of  the  metric 
.systtmi  ar(‘  now  uscal  to  a  much  greater  extent  tluui  grain  weights. 
Not  only  is  there  this  advantage  of  greater  simplicity,  but,  in  addition, 
they  an^  fast  beconnng  the  international  sysbun  for  scientific  purposes  : 
for  this  reason,  as  w(dl,  it  is  highly  advisa!)l(“  that  all  clumiists  and 
students  of  ciiemistry  should  learn  to  woilc  with  these  weights.  Those 
who  have  done  so  will  Ik*  unanimous  in  looking  forward  with  })leasurable 
antici])ation  to  the  tinu*  when  tlu'V,  or  at  least  some  similarly  simple 
moditication  of  our  own  unit  of  w(‘ight,  take  the  ])lace  of  our  pri'sent 
comj)licated  system  of  weiglits  and  measui-(*s.  Whatc'ver  weights  are- 
emj)loyed  a  few  veiy  simj)le  factors  sutlicc*  to  conv(‘i't  tho.se  of  the*  one 
denomination  into  tho.se  of  the  othei*.  In  chapter  I.  is  givt'ii  a  table  of 
th(i  most  important  metric  weights  and  measures,  together  with  their 
English  (‘quivalents. 
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The  set  of  \v(>i,<(hts  employed  for  iiiialytical  i)iirposes  must  he  of  the 
<,o-t‘atPst  })OSsihle  accuracy.  They  usually  ran^'c  from  oO  <rrams  to  a 
milli<>ram.  The  heavier  weights  an'  imule  of  brass  and  (hen  eh'ctro- 
gilded  ;  the  fractions  of  a  gram  are  made  of  stout  platinum  foil.  Tu 
.shape,  the  brass  weights  an'  made  slightly  conical,  and  an'  each  fitted 
with  a  small  handle  at  the  top,  by  which  tln'y  must  he  lifted  ;  for  the 
same  lairpose  each  of  the  platinum  wi'ights  has  the  top  right-hand 
corner  bent  at  right  angles  to  the  weight.  These  weights  are  arranged 
in  a  ho.x,  each  Ix'ing  placed  in  a  sepai-ate  compartment,  those  for  the 
gram  weights  lieing  lined  with  velvet  ;  the  smaller  wc'ights  are  further 
^u-otected  by  an  accurately  fitting  cover  of  glass.  For  the  purpose  of 
lifting  the  weights  a  pair  of  forceps  is  provided  ;  this  has  its  place  in 
the  box.  Analytic  weights  must  on  no  account  be  touched 
\^th  the  fingers.  IMostsets  of  analytic  weights  contain  the  following 
pit.'ces  arranged  in  the  box  in  the  order  shown  lielow  : _ 


50 

20 

10 

10 

5 

1 

1 

1 

0 

0-5 

0-001  1 
0-001  '■ 
0-001  ) 

0-2 

0-1 

0-1 

0-05 

Rider 

0-005 

0-01 

0-01 

0.02 

The  student  will  require  to  learn,  not  only  the  denomination  of  each 
eight,  but  also  its  |)lace  in  the  bo.x.  He  must  be  (juite  as  well  able 
to  read  the  weights  he  has  placed  in  the  balance  pan  from  the  empt}- 
spaces  as  from  the  weights  themselves.  As  soon  as  the  weights  are 
done  with  they  should  always  be  returned  to  the  box;  this  should  be 
further  protected  by  being  kept  in  a  ca.se  made  for  it  of  wash-leather. 
The  accuracy  of  all  analysis  depends  on  that  of  the  weights  ;  too  great 
caie  cannot,  theiefore,  be  taken  to  pre.serv’e  them  from  iiijurv. 

In  giving  the  denominations  of  the  weights  above  there  is  a  place 
marked  “  Rider;  the  nature  and  use  of  this  particular  weight  remains 
to  be  explained. 

The  arrangenu'nt  of  the  weights,  as  shown  in  Figure  60,  corresponds 
with  the  table  just  given  of  their  value.  .Special  attention  must  be 
directed  to  the  “  Rider,  ’  which  is  drawn  to  its  full  sizi*  at  a. 
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I'lie  student  must  now  refer  a^^ain  for  a  moment  to  tlie  figure  of  tlio 
balance  previously  ”iven  ;  he  will  there  notice,  at  the  tojj  right-hand 
corner,  a  milled  head  ;  this  actuates  a  rod,  at  the  other  end  of  which, 
from  a  little  hook,  depends  the  rider,  as  shown  just  over  the  left-hand 
j»an.  From  end  to  end  of  the  beam  itself  there  also  runs  a  graduated 
scale  ;  this  scale  is  divided  into  twenty  equal  parts,  the  centre  is  marked 
zero,  and  the  other  graduations  numbered  1  — 10  from  the  centiv 
towards  each  end.  Each  of  these  units  is  still  further  subdivided  into 
5  or  10  equal  jJUi'ts.  This  .scale  is  the  e.vact  length  of  the  beam, 
measured  from  one  to  the  other  of  the  terminal  knife-edges.  An 
inspection  of  the  balance  itself  slunvs  immediately  that,  by  means  of  the 
milled  head  and  rod  attached  theresto,  the  rider  can  he  placed  astride^ 
the  scale  at  any  part  of  its  length.  The  weight  of  the  rider  is  one 
centigram,  conse([uently,  if  placed  in  the  pan  of  the  balance,  or  at  10, 
the  extremity  of  the  scale,  the  eflective  weight  of  the  rider  is  the  same 
as  its  absolute  weight.  But  if  it  be  placed  somewhen;  intermediate 
between  the  centre  and  end  of  the  beam,  its  elective  weight  is  between 
0  and  1  centigram.  The  eflective  weight  is  governed  by  the  well-known 
principle  of  the  lever,  namely,  that  the  force  exerted  by  any  weight  is 
directly  proportional  to  its  distance  from  the  fulcrum.  As  each  side  of 
the  beam  is  divided  into  10  ecjual  parts,  the  weight  of  the  rider  at  each 
division  is  the  number  of  tenths  it  is  from  the  centn' ;  thus,  at  5,  its 
weight  is  equal  to  j'ty  of  a  centigram,  or  milligrams,  and  so  for  each 
graduation  and  intermediate  fraction.  The  eiuployment  of  the  rider  in 
actual  weighing  will  be  gatliered  from  the  next  paragraph. 

547.  Operation  of  Weighing. — We  will  suppo.se  that  the  stu¬ 
dent  has  balance  and  weights  in  readiness,  and  retpiires  to  obtain  the 
weight  of  some  j)articular  piece  of  apparatus  ;  tliis,  whatever  it  is,  must 
be  thoroughly  cleaned  and  dried,  and  then  placed  on  the  left-hand  pan 
of  the  balance.  For  this  pui'po.se  the  front  of  the  case  of  the  balance  may 
be  rai.sed,  or  if  working  with  a  balance  with  side-doors,  that  on  the  left 
hand  may  be  opened.  Two  rules  of  weighing  are  :  1st,  always 
place  substance  in  left-hand  pan,  and  weights  in  the  right ;  2nd, 
keep  the  doors  of  the  balance  case  closed  whenever  possible. 
Let  the  weight  of  the  pieces  of  ai)paratus  in  question,  say  a  ciaicible,  be 
17'81J.')4  grams;  we  will  see  how  these  figures  have  been  ari'ived  at. 
I’irst  take  tlui  ’20  gram  weight  from  the  box  by  means  of  the  forceps, 
and  place  it  in  the  right-hand  pan,  relea.se  the  beam  from  its  sui)port  by 
turning  the  milled  head  :  notice  whether  th(‘  left  or  right-hand  pan  of  the 
balance*  is  the  heavier.  In  this  case  tlue  weight  will  be  too  much,  and 
the  index  linge'r  will  swing  to  the  left.  Bi'ing  the  balance  to  rest  by  turn¬ 
ing  thee  milled  head,  and  take  out  the  2U  gi'am  weight,  and  rt'idace  it  by 
the  10  gram,  try  wh(*ther  suflicient  not  enough,  add  •')  grams-  -still  tot' 
little,  iuld  2  -too  little,  add  1 — too  much.  Do  not  forget  that  every 
time  befoi'tt  a  wt'ight  is  iidded  or  rcmo\'ed  the  bt'am  must  bi*  brought  to 
ritst  on  its  siqtports;  this  is  tilways  to  be  dont*  gentl}’ Jind  carefully. 
After  the  addition  of  each  weight  the  beam  will  have  swung  over  more 
slowly;  with  the  18  grams  in  the  pan  the  swing  of  the  index  to  the 
left  will  hav(“  been  much  slower  than  any  prec(‘ding  it,  showing  that  tin* 
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victual  weiglit  of  the  crucible  is  l)eiii,i^-  closely  approached.  Return  tlu' 

I  grain  weight  to  its  place  in  the  bo.\,  and  next  try  O  o  grain _ not 

enough,  add  0-2 — not  enough,  add  Od  -not  enough,  add  Od  —  too 
much.  Replace  the  Od  and  try  0-05 — not  enougli,  add  0-02 — not 
■enough,  add  O'Ol — not  enougli,  add  0  01 — not  enougli.  The  weight 
has  now  been  ascertained  within  a  centigi-ani,  because  the  addition  of 
another  centigram  would  bring  the  weight  iiji  to  the  Od  gram,  which 
has  alread}"  been  tried  and  found  too  much.  The  conclusion  of  the 
weighing  should  now  be  done  with  the  rider.  Place  the  rider  on  the  .') 
■on  the  right-hand  end  of  the  beam,  lower  the  supports,  cause  the  beam 
to  vibrate,  and  shut  the  door  of  the  case.  If  necessary,  waft  with  the 
hand  a  gentle  current  of  air  on  to  one  of  the  jians  in  order  to  set  the 
beam  in  motion.  Count  the  number  of  graduations  which  the  inde.x 
moves  on  either  side  of  the  zero ;  it  will  be  found  to  vibrate  slightly 
more  to  the  right  than  to  the  left.  Ne.xt  try  the  rider  on  the  6th 
division  ;  this  is  found  too  much.  Try  the  rider  at  intermediate 
ilistances  until  it  is  found  that  the  beam  swings  through  an  equal 
number  of  graduations  on  either  side  of  the  zero  scale;  the  weight  in 
each  pan  is  then  the  same.  Let  us  now  see  how  the  weiglits  are  to  be 
read;  this  should  lie  done  from  the  box,  reading  the  empty  spaces.  In 
the  case  in  point  these  are  10  -e  .5  -f  2  =  1 7.  Against  “  weight  of  crucible,” 
write  this  number  in  the  note  book.  Next  read  oH'  the  decigram  weights ; 
there  are  empty,  O-.I  +  0-2  +  Od  =  O’S  ;  write  •■S  after  the  17.  The  c°enti- 
grams  come  next,  they  are  O'Oo  -f  0-02  +  O’Ol  -f  O'Ol  =  0'09  ;  write  9  after 
the  S.  The  milligrams  and  fractions  of  a  milligram  are  to  read  off 
from  the  rider;  in  the  present  instance  the  rider  stands  at  O'OOod 
gram.s,  .")4  must  therefore  be  written  after  the  9.  The  whole  figure  will 
then  read  : 

“Weight  of  crucible  =  17 '8904  grams.” 

Having  thus  read  the  weight  from  the  emjity  sjiaces  in  the  box,  ne.xt 
take  the  weights  out  and  check  the  reading  off  as  the\'  are  returned  to 
theii  places.  This  double  reading  greatly  iyhIucps  the  chances  of  error 
in  lecording  the  weight  of  the  substance.  After  a  litth'  e.xperience  in 
^veighing,  and  thus  getting  to  know  the  capacity  of  the  particular  lialance 
used,  the  student  should  test  his  balance  in  order  to  asctu'tain  tin* 
value  of  each  graduation  of  tin*  index  scale.  To  do  this  jiut  the  rider 
on  the  .j  milligram  inark,  cause  the  beam  to  vibrate,  and  notice  how 
f-ii  on  either  side  of  the  zero  it  swings.  Alter  tlu'  position  of  the  rider 
until  the  beam  swings  from  the  zero  to  the  10  on  the  one  side  ;  note  the 
position  of  the  rider.  Nupposi^  it  to  be  on  the  .7,  then  10  divisions  of 
the  index  scale  =  .5  milligrams,  and  I  division  =  0'5  milligram.  This 
value  will  only  bi*  approximately  the  same  when  the  pans  an*  loaded, 
lu^t  still  sufliciently  mxir  to  save  time  in  the  weighing.  Thus,  sujipose 
3-5  grams  liave  been  placed  in  the  pan,  and  the  iiuhvx  vibrate  10  to  the 
right  and  8  to  the  left,  there  is  no  need  to  successivady  try  the  0'2  and 
other  weigdits  down  to  the  O'Ol,  but  the  rider  may  at  once  be  put  on 
t  le  1  milligram  mark,  and  will  be  found  to  be  very  nearly  in  its  right 
place.  One  or  two  trials  will  then  find  the  (‘xact  weight.  The  1  is 
bund  in  this  case  by  taking  half  tin;  difference  between  the  vibrations 
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on  civcli  .sido  ;  tliis  will  oftnn  apply,  oven  thoipi^li  tin*  halanco  does  not 
swinif  ([iiite  to  tlu^  tini  ;  thus,  tlie  distanci's  indicated  inii^ht  be  9  and  7. 
'riie  lieam  should,  howeviu-,  be  always  caustMl  to  swiipif  freely,  as  it 
makes  a  Ions;-  oscillation  in  the  same  time  as  a  short  one.  It  will  be 
noticed  that,  so  far,  tlie  riffht-hand  side  oidy  of  the  rider  .scale  has  been 
refernni  to  ;  the  left  is  also  fretjuently  convenient.  Supposinj,'  that, 
with  the  h-T)  grains  just  mentioned,  the  index  had  vibrated  the  two 
extra  de.i'rt'es  to  tin*  left,  this  would  havi'  indicated  that  the  substance 
weighed  aliout  1  milligram  less  than  .‘bri  ;  to  put  this  weiglit  in  would 
I'ccpiire  tlie  nunova!  of  the  0  "),  and  the  jilacingof  the  0’2,  Od,  O’l,  O  Oo, 
0'0'J,  O’Ol,  0  01,  on  the  pan,  and  the  I'ider  at  the  9  milligram  mark. 
The  same  result  is  jiroduced  by  jilacing  the  rider  on  the  1  milligram 
mark  to  the  left.  When  the  rider  is  on  the  left  side  of  the  beam,  the 
weight  it  represents  must  be  subiracted  from  that  in  the  right  hand  pan. 

The  opei’ation  of  weighing  has  bc'en  described  at  full  length,  because 
it  is  the  foundation  of  all  cjuantitative  analysis  ;  these  ojierations  are, 
however,  much  shorter  in  jiractice  than  they  appear  on  paper.  The 
genuine  chemical  student  will  never  forget  that  his  balance'  should  be 
carefully,  intelligently,  and  even  lovingh'  used. 

In  addition  to  the  two  balances  and  set  of  weights  aln*ady  described, 
the  student  will  need  another  .set  of  weights,  ranging  from  10  milligrams, 
to  200  gi'ams. 
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548.  Apparatus  Employed  for  Measuring  Purposes. — 

'riic'se  include  nic'asuring  flasks,  l)Ui'ettt‘s,  and  other  api)liane('s. 

549.  Burettes  and  Floats.  -Figm-e  Gl,  on  page  190,  is  an  illus¬ 
tration  of  various  forms  of  measuring  appai’atus.  The  instrument 
marked  a  is  termed  a  burette,  and  is  used  for  the  pui’pose  of  accurately 
measuring  small  ([uantities  of  licpiid  when  deliv’enal.  There  is  at  the 
hcdtoin  a  glass  stop-cock  ;  the  tube  is  graduated  throughout.  The  most 
useful  size  of  burette  is  that  holding  50  c.c.  ;  such  an  insti’ument  is 
graduated  in  .900  divisions;  these  are  numbered  at  each  c  c.,  from  the 
top  downwai’ds.  Tn  using  the  burette  it  is  lirst  cleamal,  and  then  rinsed 
with  a  little*  of  the  solution  with  which  it  is  to  be  tilled,  then  hik'd  up 
almost  to  the  top.  When  a  long  and  nai’row  tube,  such  as  a  burette, 
contains  a  liejuid,  the  top  is  not  exactly  level,  Init  is  always  slightly 
curved,  with,  in  the  case  of  water  and  acpieons  solutions,  the  concave 
surface  ujewards.  It  is  customaiy,  in  comparing  the  height  of  a  licjuid 
with  the  graduation  marks,  to  read  from  the  bottom  of  this  curve,  or 
“meniscus,”  as  it  is  termed.  The  ne.xt  thing  is  to  run  the  liquid  out 
through  the  stop-cock  until  the  zero  mark  is  reached.  Fix  the  burette 
iqn-ight  in  the  burette  stand,  and  place  the  eye  level  with  the  zero 
graduation,  then  turn  the  stop  cock  carefully,  and  let  the  licjuid  run  out 
until  the  bottom  of  the  meniscus  e.xactly  coincides  with  the  zero  line. 
The  burette  is  gener.ally  used  for  the  jairpose  of  running  a  liciuid  into  a 
solution  until  some  j)articulai’  change  takes  [ilace,  then  the  height  of  the 
reagent  in  the  burette  is  again  read  off,  and  the  quantity  that  has  been 
used  determined.  So  when  the  change,  whatever  it  may  be,  is  com¬ 
plete,  again  bring  the  eye  level  with  the  bottom  of  the  meniscus,  and 
read  ott'  the  graduation  with  which  it  coincides.  Accurate  reading  of 
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burette  is  iiiucli  assisted  by  the  use  of  “  Erdiiianii’s  Fk)at ;  ”  this  little 
piece  of  apparatus,  which  is  li^uired  on  ])a4e  4'Jl  (Fij,A  62),  consists  of  a 
piec(‘  of  qlass  tubinc;  of  such  a  size  as  to  be  able  to  slide  readily  up  and 
down  within  the  burette.  The  tulje  is  closed  at  both  ends,  so  as  to 
form  an  eloni’'ated  f^lass  bulb,  which  contains  a  small  (juantity  of  mer- 
cuiy.  Around  the  lloat  a  sin,<,de  line,  n,  is  marked  with  a  diamond. 
\\  h(*n  using  the  float  it  is  di'opped  in  the  burette,  and  the  line  around  it 
brought  to  agree  with  the  zero  mark  at  starting,  and  aftcuavards  the 
lieight  is  read  from  the  line  on  the  float.  A  form  of  burette  very  con¬ 
venient  for  general  use  is  that  known  as  IMohr’s  ;  it  diH'ers  slightly  in 
shai)e  from  tliat  figured  in  flie  preceding  illustration.  Mohr’s  burette 
is  made  either  with  a  glass  stop-cock,  oi-  else  with  a  glass  jet  fastened  on 
with  a  })iece  of  india-rubber  tubing,  as  shown  in  Figure  63.  A  strong 
s])ring  comju’esses  the  tubing,  and  so  stops  the  burette.  The  flow  of  the 
licpiid  is  regulated  by  means  of  pressing  the  two  buttons,  shown,  between 
the  finger  and  thumb.  The  flgun^  shows  only  just  the  lower  end  of  the 
burette.  The  glass  .stop  cocks  of  burettes  and  other  instruments  should 
always  be  slighth'  greased,  so  as  to  ju'f'vent  their  sticking.  If  a  burette 
is  likely  to  be  put  aside  for  some  time,  it  is  well  to  withdraw  the  stop¬ 
cock  altogetluu’,  and  put  it  away  se]»arateh’. 

550.  Pipettes.  Turning  once  more  to  Figure  61,  there  are  two 
instruments  marked/^,/;/  these  are  pipettes,  and  are  used  for  deliver¬ 
ing  a  definite  volume  of  any  li(|uid  ;  the  capacity  of  the  two  figured  is 
respectively  50  and  1()0  c.c.  In  the  tube  just  above  the  bulb  there  is  a 
mark  (not  shown  in  the  figure),  which  indicates  the  j)oint  to  which  the 
pipette  must  be  hlled.  When  using  the  instrument,  place  the  lower 
end  in  the  licjuid  to  l)e  measured,  and  suck  at  the  upper  until  the  li<|uid 
I’ises  above  the  gi-aduation  maik,  then  stop  the  upper  end  with  the 
tongue  ;  luwt  quickly  substitute  the  tip  of  the  finger  for  the  tongue, 
without  allowing  the  liquid  to  run  out.  This  recpiires  some  little  prac¬ 
tice,  but  repeated  trials  overconu*  any  difficulty  at  tirst  e.xjierienced. 
Ne.xt  I'aise  th(‘  fingei-  ve7’y  iiiy^Iitlv  until  the  li(|uid  begins  to  run  from 
fhe  low(‘r  (*nd  ;  let  it  do  .so  until  the  bottom  of  the  meniscus  coincich'S 
with  th(‘  gi'aduation  mai'k,  then  hold  the  (md  of  the  pipette  over  the 
vessel  into  which  tlu'  liquid  is  to  be  })Oured,  take  away  the  finger  and 
let  the  tubti  drain.  'J'he  ])ipette,  if  correctly  graduated,  will  thus  deliver 
the  exact  amf)untof  licpiid  marked  on  it.  'I'lie  following  are  com  enient 
sizes  foi‘  pipettes  :  2,  5,  10,  20,  25,  50,  and  100  c.c.  One  10  c.c.  pijcette 
will  be  required  graduated  throughout  its  whole  length,  somewhat  like 
a  bui'ette;  it  is,  in  fact,  used  for  wry  much  the  same*  })urpose. 

551.  Measuring  Flasks.  The  oidy  other  luece  of  apparatus 
that  need  be  explained  at  present  is  the  graduated  flask,  (/,  Figure  61  ; 
this  has  also  a  mark  I'ound  the  neck  showing  the  graduation  line.  The 
same  remarks  apjily  to  its  use  as  those  already  made  in  lad'ertmce  to  the 
other  })i(‘(res  of  measuring  apparatus. 

Other  jcieces  of  ajipai'afus  I'ecpdi-ed,  with  the  methods  of  using  them, 
will  b(‘  (h'seribed  as  occasion  for  their  employment  arises. 
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552.  Importance  of  Commercial  Testing.  — Long  exporient'o 
at  handling  wlu'iits  and  Hours  enables  the  practical  miller  Or  haker  to 
judge  from  its  appearance  the  (piality  of  a  .sample  of  either  wheat  or 
flour  with,  as  a  rule,  considerable  accuracy.  Still,  it  is  well  known 
that  such  judgments  are  at  times  altogether  at  fault,  and  that  wheats, 
which  are  apparently  similar  to  the  eye,  yield  flours  of  very  diflerent 
values.  In  such  a  country  as  our  own,  where  enormous  cpiantities  of 
wheat  and  flour  are  purchased  from  foreign  countries,  it  is  a  matter  of 
national  importance  that  we  get  the  fullest  and  best  value  for  our 
money.  Hence  the  author  has  deemed  that  the  problem  of  devising  a 
.simple  and  trustworthy  .system  of  wheat  and  flour  testing  is  one  worfhy 
of  most  serious  attention.  He  ventures  to  hojie  that  the  methods 
suggested  in  the  following  pages  are  at  least  a  step  toward  tlie  realisa¬ 
tion  of  such  a  .system. 


553.  Wheat  Testing.  The  simplest  and  most  direct  tests  that 
can  be  ma<le  on  whole  wheat  are  its  weight  per  bushel,  and  weight  of 
100  grains  of  average  size.  The  use  of  the  former  test  is  obvioms  ;  the 
latter  gives  data  which  at  times  is  mseful  to  put  on  record  as  to  the 
average  weight  and  size  of  the  grains  of  the  saniiile.  Other  tests  can 
be  made  on  the  finely-powdered  wdiole  meal  of  the  grain.  Among  these 
are  tjie  iiercentages,  respectively,  of  moisture,  and  crude  and  “real  or 
true”  gluten  as  determined  by  analysi.s.  A  determination  of  cellulose 
would  yield  information  as  to  the  percentage  of  bran  present,  but  un¬ 
fortunately  the  analytic  e.stiniation  is  too  tedious  to  be  often  msed  for 
that  purpose. 


The  best  mode  of  testing  wheats  is  undoubtedly  that  of  first  reducim-- 
the  .same  to  flour,  and  then  testing  the  flour.  With  this  end  in  viev^ 
the  larger  mills  are  fnaiuently  fitted  with  small  reduction  j.lants  by 
winch  an  experimental  (piantity  of  wheat  may  be  reduced  to  flour,  and 
this  tested  before  the  whole  of  the  wheat  is  ground.  The  plant  for  this 
puqiose  may  be  of  various  sizes,  from  a  fairly  comiilefe  small  roller  mill 
in^allation  to  a  .siiecially  made  machine  for  reducing  purposes,  tla* 
flittereiit  separations  being  made  by  hand.  On  the  flour  thus  obtained, 
ueterniinations  may  be  uiade  of  such  kinds  as  arc*  (>mi)loyed  on  flour 
obtained  during  the  ordinary  cour.se  of  manufacture.  It  does  not  follow 
lat  till!  experimental ly-mad(‘  flour  will  be  ecjual  in  ever^'  res2)ect  to 
that  obtained  in  jiractice  ;  but  usually  the  results  are  comjiarative  with 
each  other  sutliciently  near  to  afford  very  valuable  information.  The 
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practiciil  miller  will  naturally  make-  iilluvvances  for  the  milling  peculiar¬ 
ities  of  the  wheats  he.  may  he  thus  examining. 

554.  Weight  per  Bushel. — This  operation  is  .so  familiar  to  all 
millers  that  an  explanation  of  it  is  scarcely  neces.sary.  As  is  well 
known,  there  is  a  special  piece  of  ajiparatus  sold  that  is  made  for  the 
purj)Ose.  A  clu'ap  and  efficient  sulistitute  for  this  may  easily  he  pre¬ 
pared  aTid  used  where  a  student  has  such  a  Ijalance  as  the  coarser  one 
jireviously  described.  t4et  a  coppersmith  to  make  a  cylindrical  measure 
about  inches  in  diameter  and  d  inches  deep.  Procure  from  a  dealer 
in  chemical  apparatus  a  counterpoise  box  ;  these  are  brass  bo.x(‘s  with 
lids  which  screw  on.  Put  the  empty  measure  on  the  one  side  of  the 
balance  and  the  counterpoise  on  the  other,  till  with  shot  until  it  exactly 
balances  the  measure.  Next  till  the  measure  exactly  full  of  distilled 
water,  /eve/  wit/i  t/ie  brim^  and  again  weigh,  always  placing  the  counter¬ 
poise  on  the  weight  pan.  The  weight  in  grams  of  the  water  held  by  the 
measure  represents  its  capacity  in  c.c.  Now  the  weight  of  a  bushel  of 
water  (  =  80  lbs.),  and  that  of  the  water  contained  in  the  little  vessel, 
are  always  constant ;  and,  as  the  weight  of  the  water  the  ves.sel  contains 
is  to  the  weight  of  the  wdieat  that  is  being  tested,  so  is  the  weight  in 
pounds  of  a  bushel  of  water  to  that  in  pounds  of  a  bushel  of  the  wheat. 
Expressing  this  in  the  usual  way  we  have — 

As  weight  of  waiter  held  by  vessel  :  weight  of  wheat  held  : :  80  :  lbs. 

per  bushel  ; 

SO  X  weiyht  of  wheat  held  weight  of  wheat  in 
’  weight  of  water  held  ~  ixainds  per  bushel. 


Now  for  any  particular  ves.sel  the  weight  of  water  it  holds  is  always 
constant,  so  that  80  in  the  upjiei'  line,  and  the  w'eight  of  water  in  the 
lower,  may  be  reductal  to  a  single  factor,  and  the  weight  in  jounds  per 
bushel  at  once  determined  by  multiplying  the  weight  of  grain,  held  in 
the  measure,  by  that  factor.  Suppose  that  the  caiiacity  of  the  vessel  is 


L’OO  C.C.,  then  7^=  factor,  and  the  weight  of  wheat  in 

grams  held  by  the  vessel  would  simplj'  have  to  be  multi})lied  by  that 
figure.  In  taking  weights  per  bushel  the  little  measure  should  be  care- 
fullv  idled,  and  then  struck  level  by  means  of  a  pencil  or  other  round 


piece  of  wood. 


555.  Weight  of  100  Grains.—  I'or  this  estimation  it  is  im¬ 
portant  that  tlu'  gi-ains  .select(‘d  shall  re})r(‘sent  the  average  sample  :  if 
they  are  simply  jiicked  u])  one  by  one  out  of  a  heaj),  the  weight  is  almost 
certain  to  lie  in  excess  of  the  ti’ue  average';  for  a  person  undei-  these 
circumstances  almost  invariably  unconsciously  selects  the  largest  grains. 
To  ol)viat(e  this,  fold  a  .sti'ip  of  pajier  so  as  to  form  a  V-shaj)ed  gutter; 
take  a  handful  of  the  wheat  and  let  it  pour  in  a  small  stream  along  the 
length  of  this  gutter.  Then  comnu'iice  at  the  one  <‘nd  and  count  oil 
the  lUU  grains,  taking  each  as  it  cotnes.  Weigh  on  the  pan  of  the 
balance  and  enter  the.  w'eight  in  the  noti'-book. 

556.  Grinding  of  Samples.  The  tine  whole-meal  for  gluten 
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and  inoisturo  tletei'iiuiiatioiis  is  l)(.'st  obtained  by  ])assiiig  the  wlieat 
tliroui'li  a  druij  mill  ;  that  used  by  the  author  is  a  small  drug  mill, 
known  as  the  “Enterprise”  drug  mill.  It  is  of  American  manu¬ 
facture,  and  is  elhcient  and  simple.  An  ordinary  coil'ee  mill  might 
answer  the  jturpose,  but  most  likely  would  m)t  cut  up  the  bran  .suffi¬ 
ciently  fine.  The  process  adopted  by  the  writi'r  is  as  follows  : — The 
mill  is  .set  as  fine  as  it  will  run  without  clogging.  (It  need  scarcely 
be  mentioned  that  every  part  must  first  be  thoroughly  cleaned.)  The 
wheat  is  then  poured  in  the  hopper  and  run  through  as  rapidly  as 
possible.  The  grist  is  next  i)ut  into  a  fine  sieve,  about  20  oi-  24  meslies 
to  the  inch,  and  sifted.  The  bran  is  returned  to  the  mill,  and  run 
through  and  again  sifted  ;  this  operation  is  repeated  on  the  coarser 
particles  until  the  whole  of  the  meal  has  been  thus  sifted.  Care  must 
iigain  be  taken  at  the  end  to  clean  every  particle  out  t)f  tlu;  mill  and 
add  it  to  the  meal  ;  this  is  essential,  because  the  latter  particles  are 
more  branny  than  the  former.  The  meal  is  next  stirred  up  thoroughly, 
and  then  stored  in  a  tightly  corked  or  stoppered  bottle.  The  reduction 
of  the  bran  is  effected  with  comparative  ease  in  the  drug  mill  referred 
to,  hecau.se  its  action  is  a  cutting  one.  The  simple  crushing  of  such  a 
mill  as  a  coffee  mill  would  most  likely  have  but  little  action  on  the  bran. 
In  this  way  a  whole-meal  is  obtained,  which  of  necessity  is  an  exact 
representative  of  the  grain.  It  may  be  asked  whether  the  wheat 
should  be  cleaned  in  any  way  previous  to  grinding  for  analysis.  The 
answer  to  such  a  question  is  that  this  Jiiust  depend  on  the  purpose  for 
which  the  analysis  is  required.  An  analysis  made  for  the  purpose  of 
buying  or  selling  by  should  be  performed  on  a  sample  repre.senting  the 
bulk  of  the  parcel  of  grain  in  (pu'stion  ;  it  should  therefore  be  in  no 
way  cleaned  or  washed.  AVlien  a  miller  rtapdres  to  know  the  analytic 
character  of  a  variety  of  wheat  in  the  cleaned  state,  the  analysis  would 
obviously  be  made  on  the  sam})le  after  cleainng.  Undoubtedly  the 
safest  plan  is  to  analyse  the  sample  e.xactly  as  collected,  unless  the 
analysis  is  made  for  some  special  purpose.  If  a  clean  wheat  is  analysed 
the  weight  of  cleiined  wheat  obtaineil  frcan  a  definite  weight  of  the 
uncleaned  wheat  should  tir.st  be  ascertained. 

The  mode  of  performing  gluten  and  moisture  determinations  is  de¬ 
scribed  in  detail  in  the  subseijiumt  paragraphs  on  flour  testing. 

557.  Flour  Testing. -AA  )r  commercial  purposes  an  examination 
of  flour  should  deal  with  the  Strcaigth,  Yield,  and  Colour  of  the  flour. 
I  favour,  amenal)ility  to  certain  modes  of  working,  and  othi'r  spt'cial 
qualities,  scarcely  come  within  the  pro\'ince  of  commei'cial  testing  for 
general  purposes,  in  determining  the  (|ualities  mentioned,  it  is  im¬ 
portant  that  results  be  not  mendy  comparative,  but  absolute! -  that  is 
to  say,  they  should  not  mer(!|y  r(“cord  the  pro])erties  of  one  lloui’  as 
against  amjther,  but  should  registeu-  in  t(*rms  of  some  fldinite  scale  oi' 
iiieasure  the  amount  and  charactcu'  of  each  j)articular  (juality.  'J'hrough- 
out  the  whole  of  th(!  following  scheme  of  t(!sting  this  end  luis  bt'en 
borne  in  mind,  and  where  the  methoels  employed  seeiiKal  cumbersome 
compared  with  others  in  more  common  use,  it  should  be*  remembere!)! 
that  the  aim  has  beeen  to  afford,  and  es})ecially  registt'r,  information 
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that  other  tests  do  not  give.  It  is,  for  e.xample,  comparatively  easy  to- 
say  which  of  two  flours,  judged  side  l)y  side,  is  of  the  better  colour,  and 
also  wlncli  of  the  two  yields  tlie  stitier  dougli  ;  l)ut  it  is  more  ditlicult 
to  ])rovide  data  l)y  which  tlie  colour  and  dough  stitiiiess  of  one  Hour 
here  may  be  comjiared  witl\  another  in  America,  or  with  another  to  l)e 
examined  six  or  twelve  months  hence. 

Commercial  Hour  testing  should  have  then  as  its  object  the  dt'ter- 
mination  of  the 

T.  Strength  or  capacity  for  producing  volume  and  boklne.ss  of  loaf. 

II.  Jlread  vield  of  the  Hour. 

III.  Colour.'' 

Considering  the.se  in  the  ord(‘r  given,  we  have  first  to  deal  with 

558.  Strength. — Tlu*  strength  of  a  Hour  largely  depends  on  the 
quantity  and  charactm’  of  the  insoluble  proteids  contained  in  the  Hour. 

In  a  crude  form  these  are  obtained  in  the  well-knowni  washing  piocess 
for  gluten.  One  great  objection  to  tla*  gluten  test  is  the  diHiculty  of 
knowing  j^recisely  when  the  whole  of  the  starch  has  been  removed,  and 
then  stopping  shoi't  of  washing  away  any  of  the  gluten  it.self.  In 
many  Houi's  the  gluten  begins  to  disintegrate  and  wash  away  before 
the  whole  of  the  starch  disai)pears.  With  some  little  exi)erience  the 
same  worker  can  get  concordant  results,  ljut  this  is  not  invariably  the 
case  with  two  woi’kers  testing  against  each  other  ;  one  will  then  fre¬ 
quently  throughout  a  whole  series  uniformly  get  higher  results  than  the 
other.  When  in  addition  to  this  inhermit  diHiculty  there  is  that  of  one  of 
the  two  workers  being  interested  in  making  his  results  as  low  as  jiossible, 
while,  the  other  wishes  them  to  be  high,  the  likelihood  of  di.scordant  I 
results  is  much  increased.  As,  therefore,  considerable  clitt’erences  may 
exist  in  the  percentages  of  crude  gluten  obtained,  both  in  the  wet  and 
dry  state,  it  is  recommended  that  in  addition  the  “  true  gluten  ”  or 
proteid  matter  be  also  determined  by  a  direct  niti'ogen  estimation. 
Even  when  there  are  marked  discrepancies  in  the  crude  gluten  as  ob¬ 
tained  by  washing,  the  true  gluten  varies  oidy  within  narrow  limits. 

^\’ith  the  view  of  determining  strength,  it  is  recommemhal  that  the 
following  estiimition  be  made  - Percentage  of  gluten  wet  and  dry  by 
the  washing-out  process,  and  of  true  gluten  by  nitrogen  determination 
on  the  dry  gluten  ;  all  of  these  to  l)e  calculated  on  the  whole  Hour. 
Appearance  and  physical  character  of  tlu*  gluten  to  be  noted.  Per¬ 
centage  of  total  proteids  in  the  whole  Hour. 

559.  Gluten  Extraction.  -Thi  rty  grams  of  the  Hour  should  l)e  1 
accui’ately  weiglied  and  transferred  to  one  of  Ptleidert'r’s  small  doughing 
machines  (mad(!  especially  for  the  purpose).  To  this  should  be  added 
in  the  machine  lb  cubic  centimetres  (=  lb  grams)  of  water  fiom  a 

•  '■raduated  pipette.  The  wholt'  should  tlum  be  thoia)Ughly  kneaded, 
leceiviii"  100  revolutions  b}'  the  counter  after  the  Hour  and  water  are 
Hrst  rou'ddy  mi.xcd.  (While  the  machine  is  exceedingly  convenient, 
the  dou'di  may  as  an  alternative  be  jnadi*  by  hand.)  Prom  the  resultant 
dou'di  one  or  two  portions  of  exactly  lb  grams  each  should  be  acciu'ately 
wei'dieil,  and  then  (I'ansferred  to  a,  .small  glass  containing  suHicient  cold 
watei'  to  keep  them  entirely  submerged,  in  which  they  must  be  allowed 
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to  roiiiaiu  for  exactly  an  liour.  (The  second  piece  is  only  to  be  wei'died 
off  in  event  of  a  duplicate  lieing  required.)  The  weighed  portion  of 
dough  contains  e.xactly  10  grams  of  Hour,  and  should  be  washed  in  the 
following  manner  : — Prepare  some  water  at  a  temperature  between  70° 
and  80°  K.,  and  partially  till  a  clean  bowl  with  .same.  Wash  the  lump 
of  dough  by  kneading  it  gently  between  the  lingers  in  the  water, 
using  no  muslin  or  other  enclosing  substance.  The  starcli  is  gradually 
washed  away,  and  the  remaining  dough  acquires  the  consistency  and 
characteristic  feel  of  gluten.  Take  care  that  no  fragments  are  washed 
off  the  main  lumj)  ;  and  after  the  gluten  is  approximately  freed  from 
starch,  place  it  aside  on  a  clean  surface  of  glass  or  porcelain  :  let  the 
washing  water  settle,  and  decant  it  very  carefully  through  a  tine  haii- 
sieve.  Should  there  be  any  fragments  of  gluten  on  the  sieve,  pick 
them  up  with  the  main  piece  and  do  the  same  with  any  remaining  in 
the  basin.  Take  some  more  of  the  tepid  water  and  repeat  the  Washiim 
some  little  time  longer  ;  change  the  water  about  two  or  three  times, 
with  the  same  precaution  against  loss  as  before.  The  last  washing 
water  should  remain  almost  clean.  The  gluten  may  now  be  taken  as 
pure,  freed  as  far  as  possible  from  adherent  moisture  and  weighed. 

In  the  case  of  Hungarian  and  certain  other  flours  of  very  high 
water-absorbing  power,  it  is  sometimes  advi.sable  to  make  a  slacker 
dough  for  gluten  extraction  than  tliat  just  described.  For  this  purpose 
add  20  c.c.  of  water  to  the  30  grams  of  Hour,  and  take  16-66  grams 
of  the  dough  for  each  estimation.  This  weight  contains,  as  before, 
exactly  10  grams  of  Hour. 

For  the  drying  of  the  gluten  pieces  of  paper  should  be  prepared  be¬ 
forehand  in  the  following  manner  : — Take  a  sheet  of  cartridge  paper 
and  cut  it  up  into  small  pieces  three  inches  square.  Place  these  in  the 
hot- water  oven  and  dry  at  212°  F.  for  two  days.  Take  them  out  and 
allow  to  cool  in  a  desiccator,  and  weigh  them  off  rapidly  to  within  a 
decigram.  Mark  the  weight  in  pencil  on  the  top  left-hand  corner  of 
the  paper.  Keep  a  store  of  the.se  in  a  clean  box. 

Having  weighed  the  gluten  as  above  described,  mould  it  between  the 
fingers  and  notice  its  pliysical  condition,  whether  tough  and  elastic, 
.soft  and  flabby,  or  “  shoi't  ”  and  friable.  Make  a  note  of  same.  IMould 
it  into  a  ball  and  place  it  on  the  centre  of  one  of  the  weighed  jiapers. 
On  the  one  corner  mark  the  date,  and  below-,  the  name  or  number  of 
the  flour,  with  the  w-eight  of  the  wet  gluten.  Next  place  the  gluten  in 
the  hot-water  oven  and  dry  at  212°  F.  for  at  least  36  hours,  preferably 
two  days  ;  then  w-eigh  to  the  decigram,  subtract  the  weight  of  the 
paper,  and  express  the  result  in  percentages.  The  gluten  adheres  t(j 
the  paper,  and  thus  may  lie  kej:)t  as  a  record  of  the  flour. 

fo  determine  the  true  gluten,  break  uj)  the  crude  dry  gluten  into 
coarse  fragments,  and  estimatii  nitrogen  by  the  Kjeldahl  method,  as 
described  in  Chaj)ter  XXTII.  The  percentage  of  true  gluten  sliouhl  be 
returned  on  the  whole  flour,  and  should  be  at  least  80  per  cent,  of  the 
crude  gluten. 

By  ineans  of  the  .same  process  (Kjeldahl)  determine  the  total  i)ro- 
teids  in  the  flour. 
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560.  Extraction  of  Gluten  from  Wheat-Meal.  -  Tlio  meal 
may  Ik;  weiglied  and  made  into  a  dougli  jirecisely  as  witli  flour  ;  or,  if 
wished,  10  grams  only  may  be  weighecl  off  and  transferi-ed  to  a  liiisin, 
and  then  mi.Ned  with  sulHeient  water  to  make  a  somewhat  slack  dough, 
'i'his  is  allowed  to  stand  as  before  for  om;  hour  under  water  Instead 
of  washing  the  dough  direct  in  the  bowl,  it  is  preferalile  to  tii'st  enclose 
it  in  a  piece  of  either  tine  muslin  or,  jireferably,  millers’  bolting  silk. 
This  must  be  held  securely  in  order  to  jirevent  any  loss  of  the  dougli, 
which  must  be  held  under  water  in  the  bowl,  and  kneaded  between  the 
lingers  until  a  fresh  lot  of  water  is  no  longer  cau.sed  to  become  milky 
by  the  escaping  starch.  On  opening  the.  silk,  it  will  be  found  not  only 
to  contain  the  gluten,  Imt  also  the  bran  of  the  wheat,  and  these  have  to 
be  separated  from  each  other.  With  the  harder  wheats  this  is  done 
without  much  ditllculty,  but  in  the  case  of  those  that  are  .softer  it  is 
sometimes  almost  impossible  to  recover  the  whole  of  the  gluten.  After 
having  washed  out  the  starch,  sipieeze  the  water  from  the  silk,  and  then 
open  it  out  on  a  piece  of  glass.  There  will  usually  be  one  fairly  sized 
lump  of  gluten  ;  take  this  out  and  rinse  it  moderately  free  from  bran  in 
a  basin  of  clean  water,  ne.xt  squeeze  it  well  together,  then  pick  otf  any 
tolerably  large  pieces  of  gluten  that  remain  on  the  silk,  and  add  them 
to  the  main  lump.  After  each  addition  again  squeeze  the  piece  together 
and  rinse  off  any  loose  bran.  The  difficulty  is  now  to  gather  together 
any  particles  remaining  in  the  bran — these  are  often  so  small  as  to  be 
scarcely  visible.  Take  the  mass  of  tolerably  clean  gluten  and  add  to  it 
a  portion  of  the  bran,  roll  them  together  with  considerable  force  between 
the  palms,  and  then  wash  off  the  bran.  This  process  of  i-ubbing  together 
the  main  lump  of  gluten  and  the  bran  effects  the  removal  of  any  little 
fragments  of  gluten  by  their  sticking  to  the  larger  piece  ;  which,  in 
virtue  of  its  adhesive  property,  picks  them  out  from  the  bran,  just  as  a 
magnet  picks  out  iron  tilings  from  among  those  of  brass.  Treat  the 
whole  of  the  bran  remaining  on  the  silk  in  this  manner  ;  the  result  will 
be  a  lump  of  gluten  still  containing  a  little  brati.  With  a  hard  wheat, 
however,  the  whole  of  the  gluten  will  have  been  thus  recovered  ;  with 
the  softer  ones  it  is  sometimes  advisable  to  drain  the  water  off  the  bran 
and  again  rub  it  all  iqi  with  the  gluten.  In  every  case  inspect  the 
bran  most  carefully  l)efore  throwing  it  away  ;  the  bran  should  also  be 
rubbed  between  the  lingers  ;  this  will  often  detect  fragments  of  gluten 
that  escape  the  eye.  Having  got  the  whole  of  the  gluten  together, 
wash  it  time  after  time  until  free  from  bran.  This  is  a  tedious  opera¬ 
tion,  but  one  that  can  be  [)erformed  by  vigorous  and  careful  treatment. 
Pour  every  lot  of  water  on  to  the  muslin  in  order  to  .see  that  no  gluten 
is  lost.  The  washing  must  he  continued  until  the  gluten  yields  no 
turbidity  to  clean  water. 

The  subsecpient  processes  are  performed  on  the  wheat  gluten  precisely 
as  with  that  from  Hours. 

561.  Hot-Water  Oven.  — Directions  having  been  given  to  dry 
the  gluten  in  a  hot-water  oven,  that  })ieco  of  apparatus  must  now  he 
described.  The.se  ovens  are  usually  made  of  copper,  and  are  of  the 
appearance  and  shape;  shown  in  Figure  G4. 

The  oven  consists  of  an  imu-r  and  outer  casing,  with  a  .space  betwe'en 
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tlitMii  aliout  au  iiieli  in 
tliicknoss  ;  the  top,  Ixjt- 
toin,  two  sides,  and  ])ack, 
are  tlierefoi-e  doul)l(^  This 
sj)ac(!  for  al)oiit  half  the 
heiglit  of  tlie  oven  is, 
when  in  use,  tilled  with 
water,  which  is  ke])t  hoil 
ing  by  the  bunsen  tlaine 
placed  underneath.  Any¬ 
thing  placed  in  the  oven 
is  thus  kept  at  a  tem¬ 
perature  of  from  9G — 
100°  C.,  but,  while  there 
is  any  water  within  the 
casing,  never  above 
latter  temperature, 
order  to  prevent 
oven  boiling  dry,  a  little 
feed  apparatus,  a,  is  at¬ 
tached  to  the  side  ;  this, 
as  shown,  consists  of  a  copper  vessel  open  at  the  top,  and  communicat¬ 
ing  b}'  means  of  a  pipe  with  the  water  space  of  the  oven.  Through 
the  bottom  of  a  is  passed  a  piece  of  glass  tubing,  the  top  of  which 
leaches  to  the  height  at  which  it  is 


the 

In 

the 


FIO.  64.  —  Iior-WATEK  OVEN. 


desired 


‘O’ 

that 


the  water  shall 


remain  in  the  oven.  This  glass  tubing  is  kept  in  its  place  by  a  piece 
of  india-rubber  tubing,  which,  while  making  a  water-tight  joint,  allows 
the  tube  to  be  slidden  up  or  down  as  wished.  Through  the  l>il>e  at  the 
side,  marked  with  an  arrow,  a  small  stream  of  water  is  led  into  a;  this 
feeds  the  oven,  and  the  overtlow  passes  out  through  the  glass  tube, 
which  should  either  stand  over,  or  be  led  into,  a  drain.  The  jiipe  d  is 
arranged  so  that  any  condensed  steam  may  also  drip  into  a. 

Another  very  good  |)lan  is  to  have  fitted  to  the  top  of  the  water  oven 
an  inverted  Liebig’s  conden.ser,  through  the  outer  casing  of  which  a 
stream  of  cold  water  is  pa.ssed.  The  steam  from  the  boiling  water  in 
the  casing  is  then  condensed  by  the  condenser,  and  returned  to  the 
oven.  The  oven,  having  been  once  tilled,  will  not  need  rejilenishiug  for 
a  considerable  time,  as  the  loss  of  water  is  very  little.  The  condenser 
should  be  made  of  brass  or  copper  tuliing;  the  inner  tube  about  inch 
in  diameter,  and  the  outer  1|  inch  ;  the  length  should  b(‘  from  24  to  30 
inches.  Tla*  cold  water  should  enter  the  jacket  at  the  bottom.  AVhen  a 
condenser  is  used,  the  oven  should  idso  be  titted  with  a  glass  watei-  guage, 
to  show  the  heiglit  of  the  water.  With  this  arrangement  the  oven  may 
be  tilled  with  distille<l  watei’,  and  so  loss  of  heat  by  the  formation  of 
crust  be  prevented. 


here  time  is  an  object,  it  is  convenient  to  use  an  oil  oven  inst(‘ad 
of  one  filled  with  hot  water.  The  oven  is  similar  in  construction,  but 
the  jacket  is  filled  with  oil,  and  the  temperature  raised  for  wh(‘at  or 
tiour  drying  to  105 — 110°  C.,  being  regulated  by  adjusting  the  burner, 
or  by  means  of  an  automatic  regulator. 
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562.  Dssiccator. — Tlie  desiccator  is  an  instrument  composed  of 
a  glass  })late  and  hell  jar,  containing  witliin  it  a  small  tray  tilled  with 
concentrated  sulphuric  acid ;  this  keeps  the  air  within  dry,  and  so 
preserves  from  damp  anything  placed  inside  to  cool. 

563.  Bread  Yield  of  the  Flour.  — This  is  governed  partly  hy 
the  degree  of  water  present  in  the  Hour,  ami  partly  hy  the  character 
and  condition  of  its  other  constituents.  It  is  recommended  that  the 
following  determinations  he  made  : 

INIoisture  in  the  Hour.  Water  absorhing  power  hy  direct  measure¬ 
ment  of  the  stiflhess  or  viscosity  of  dough  made  from  definite  quantities^ 
of  Hour  and  water. 

564.  Moisture. — Of  considerable  importance,  in  judging  the  value 
of  a  wheat  or  Hour  is  the  estimation  of  moisture.  After  a  little  practice 
with  gluten  tests,  the  moisture  is  a  very  convenient  determination  for 
the  student  next  to  make.  The  percentage  of  water  or  moisture  is 
usually  found  by  weighing  out  a  deHnite  quantity  of  the  Hour  or  meal 
in  a  small  dish,  and  then  drying  in  the  water  oven  until  it  no  longer 
loses  weight.  When  a  number  of  samples  have  to  he  assayed,  some 
regular  method  of  pi-ocedure  is  necessaiy.  The  following  method  may 
be  adopted  : — 

Procure  from  the  apparatus  dealer  one  dozen  selected  glass  dishes, 
2.',  inches  diameter.  Mark  these  with  the  numbers  i.  to  xii.  on  the 
sides  with  a  writing  diamond.  Have  a  little  box  made  in  which  to 
keep  the.se  dishes.  The  box  should  have  a  shelf,  supported  a  little  way 
from  the  bottom,  containing  a  series  of  separate  holes,  one  for  each  dish, 
so  that  they  may  be  kept  without  danger  of  breakage.  Clean  and  dry 
each  dish,  and  then  weigh  it  carefully ;  enter  the  weights  in  the  note¬ 
book,  and,  previous  to  using  each  dish,  test  its  weight.  This  may  be 
done  very  quickly,  as  the  weights  are  already  approximately  known. 
It  will  be  found  that,  if  used  with  care,  the  weight  of  the  dishes  will 
remain  constant,  within  some  four  or  Hve  milligrams,  foi‘  a  considerable 
time.  Time  may  be  still  furthei’  economised  by  having  a  series  of 
counterpoises  made  for  the  set  of  dishes.  These  consist  of  little  l)rass 
boxes  in  the  shaju;  of  weights,  the  tops  of  which  can  be  unscrewed, 
llra.ss  counterpoises  of  this  description  can  he  readily  obtained.  Have 
engraved  on  the  toj)  of  the  counterpoises  a  series  of  numbers  corres- 
jionding  to  thosi'  on  the  dishes;  clean  the  eountt*rpois«'s  and  dishes 
thoi'oughly,  and  balance  the  one  against  the  othei'  in  tlu'  following 
manner  :  -  Place  No.  1  dish  in  the  h'ft  band  balance' pan,  and  tlu' corre.s- 
ponding  countcrixiise  in  the  other,  together  with  its  cover.  Fill  up  the 
counterjjoise  with  shot  until  it  is  as  nearly  as  po.ssible  of  the  same 
weight  as  the  dish,  then  add  little^  shreds  of  tinfoil  until  the  two  exactly 
countei'balancee  each  other;  Hnally  .sennv  the  lid  and  box  part  of  the 
counterjKji.se  together.  I’roceed  in  (‘xactly  the  same'  way  with  all  thi* 
dishes.  In  this  ca.se  the  shelf  of  the  box  for  the  dishes  should  also  have 
litth^  holes  cut  in  it  for  the  countei-poises,  so  that  each  may  lu'  kept  im¬ 
mediately  in  front  of  its  particular  dish.  1  laving  a  S('t  of  counteriioi.scs, 
Itefore  u.sing  each  dish  test  it  on  the  balance!  against  its  counterpoise, 
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and  if  nocessaiy  adjust  the  M^eiglit  with  the  rider.  As  the  dishes 
gradually  become  lighter  through  use,  the  rider  will  have  to  he  placed 
on  the  leftdiaud  or  dish  side  of  the  balance.  In  case  the  balance  is  one 
which  is  only  titted  with  the  rider  arrangement  on  the  right  hajid  side, 
the  dish  may,  if  wished,  be  j)laced  on  that  side,  and  the  weights  on  the 
left  in  weighing  ;  this,  however,  is  liable  to  lead  to  confusion  and  mis¬ 
takes  in  reading  the  weights.  As  the  di.shes  grow  lighter,  their  weight 
against  the  ct)unterpoise  is  really  a  minus  fpiantity,  and  should  be  entered 
as  such  in  the  note-book.  For  a  long  time  the  ditierence  between  the  two 
is  inappreciable,  but  still,  for  the  sake  of  accuracy,  the  test  should  always 
be  made.  A  hen  the  di.sh  and  counter^ioise  differ  more  than  -005  gram, 
the  latter  should  be  re-adjusted.  Having  a  number  of  determinations  to 
make,  weigh  out  e.xactl}^  10  grams  of  each  flour  in  a  dish,  then  place  them 
in  the  hot-water  oven  and  allow  them  to  dry  for  !24  hours  ;  at  the  end  of 
that  time  the  water  will  be  expelled.  Take  out  the  dishes,  allow  them 
to  cool  in  a  desiccator,  and  weigh  as  quickly  as  possible.  As  the  weight 
of  each  is  appro.ximately  known,  put  the  larger  weights  on  the  balance 
pan  before  taking  the  dish  from  the  desiccator.  After  weighing,  return 
the  dishes  to  the  oven  for  another  hour,  and  again  iveigh  ;  the  two 
weighings  should  agree  within  a  milligram.  Hry  Hour  is  very  hygro¬ 
scopic  ;  that  is,  it  absorbs  moisture  with  great  rapidity.  This  is  notice¬ 
able  during  weighing,  for  a  samide  will  often  gain  while  in  the  balance 
as  much  as  five  milligrams.  The  student  will  at  first,  for  this  reason, 
get  his  w'eights  too  liigh.  The  best  plan  is  to  put  on  the  rider  at  a 
I)oint  judged  to  be  too  high,  and  then  at  each  trial  bring  it  to  a  lower 
number  until  it  is  found  to  be  at  one  at  which  the  dish  is  the  heavier, 
riien  take  the  lowest  figure  known  to  be  above  tlu;  weight  of  the  dish, 
for  if  the  rider  now  be  moved  upwards,  the  dish  will  often  be  found  to 
gain  in  weight  just  as  raj)idly  as  the  rider  is  movtal  upward.  Jlefoix" 
the  dish  is  removed  from  the  desiccator  for  the  .second  weighing,  put  in 
the  pan  the  lowest  weights  before  found  to  be  too  heavy.  After  a  tinu* 
the  student  will  find  that  he  can  get  his  two  weighings  to  always 
practically  agree ;  he  may  then,  but  not  till  then,  disjiense  with  the 
secoml  weighing.  It  is  evident  that  the  flour  after  being  deprived  of 
its  moisture  will  weigh  less  ;  the  weight  taken,  therefore,  less  the  weight 
of  dried  Hour,  equals  the  moisture  ;  this,  when  10  grams  are  employed, 
multiplied  by  10  gives  the  percentage. 


565.  Effect  of  Humidity  of  Air  on  Moisture  of  Flour. - 

Hour  is  exceedingly  hygroscoi)ic  and  jibsorbs  or  loses  moisture,  accor' 
ing  to  whether  the  atmos])heie  is  damp 
Ivichardson  examined  a  .seiles  of  Hours  in 


or  dry,  wi 


th  great  readiness. 


mill,  jind  again  after  being  exposed  to 
the  following  results:  — 

the  iitmosjihertt 

for  a  1 

No. 

Oriciiial 

Moisture. 

1.  ‘J-48 

G.'iin 
oi'  Loss. 

+  O-Gf) 

Second 

Day. 

lO-lH 

>> 

2.  7aS0 

-f  e-if) 

l)-if5 

n 

H.  T-S.) 

+  L'-:io 

10-15 

4.  7-[)7 

+  2-15 

10-12 

?> 

5.  IH-GO 

-  :V28 

10-n 
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It  will  Ijc  Hi'en  tli;it,  notwitlistjuiding  tlio  wide  diflerences  in  percent- 
age  of  moisture  on  tlie  liist  day,  tlu'y  liad,  at  tin;  (uid  of  tlie  second, 
l)econie  ju’actically  (Mpialised.  llicliardson  next  allowed  these  flours  to 
I'einain  ex})0sed  to  the  atinosphen^  for  IG  days,  making  during  that 
peri(jd  15  determinations  of  moisture.  Tn  one  and  the  same  flour  dur¬ 
ing  that  time  variations  of  nearly  5  per  cent,  were  observed.  In  the 
following  table  the  results  are  expressed  in  weight  in  Ih.s.,  which  lOO 
Ihs.  of  the  original  flour  would  have  assumed  under  th(>  conditions:— 


Xo. 

1. 

<  ii'iKiiiiil 

Weijilit. 
100  Ib.s. 

Oriiriiial 

.Moisture. 

f)-4S 

Weiglit 
ihiriiig  l(i  Days. 
102-88  lbs. 

Lowest  Weitflit 
(Uiriij;;  16  Days . 

99-53  Ib.s. 

.Aiuouiit  of 
Variation. 

3-35  lbs. 

2 

100  „ 

7-80 

104-87  „ 

100-00  „ 

4  87  ,. 

3. 

100  „ 

7-85 

105-20  „ 

100-00  „ 

5-20  „ 

4. 

100  „ 

7-97 

105-95  „ 

100-00  „ 

5-95  ,, 

5. 

100  „ 

13-69 

100-00  „ 

95-35  „ 

4-65  „ 

No.  1  of  these  flours  was  the  well-known  bi’and,  Pillshury’s  I’s'st ;  it 
will  he  of  interest  to  give  the  weight  of  this  each  time  determined,  and. 
also  the  relative  humidity  of  the  air  each  day. 


Date. 

March  7th. 

^  of  Air 

100-00  Ib.s. 

Date. 

March  17  th. 

Weiglit  of 
Flour. 

100-38  lbs. 

Relative 
Iluniidity 
of  Air. 

42-2 

n 

8th. 

100-65 

„  46-4 

18th. 

101-88 

)) 

59-5 

10th. 

99-53 

„  35-0 

19th. 

102-03 

11 

60-1 

llth. 

101-73 

„  59  0 

20th. 

102-48 

11 

554) 

n 

12th. 

102-68 

„  60  1 

11 

21st. 

101-43 

11 

51-8 

?? 

13th. 

99-88 

,,  34-0 

11 

22nd. 

101-68 

11 

51-1 

14th. 

101-08 

jy  ... 

11 

24th. 

102-88 

11 

66-9 

? ) 

1 5th. 

101-53 

„  48-2 

It  w 

ill  Ite 

obsei-ved 

that  with  an 

incroast 

‘d  dam 

pness  of  the 

air,  the 

weight  of  the  flour  is  also  increased.  Of  cour.se,  in  strictness,  the 
weight  of  the  flour  is  govermsl  by  the  degree  of  humidity  y'/vb/'  to  tlu'- 
moisture  determination,  I'ather  than  that  at  the  time  the  determination 
is  actually  made. 

On  exposing  a  .sam})le  of  patent  flour  to  an  atmo.sphere  kept  abst)lutely 
■satui'ated  with  water,  it  absorbt'd  more  than  2G  per  cent,  of  its  original 
weight  in  sixty-four  hours.  The  following  table  gives  the  weight  at 
different  intei’vals  :  — 


eight  of  flour  takcui 
,,  after  35  minutes 
,,  ,,  hours 

0-) 

n  iJ  ” 

42 

G4 


1  -0000  grams. 
1-02S5'  „ 

1  -0930  „ 

1-2005  „ 

1  -2405  „ 

T2t)70  ,, 


These  vai-iations  in  wc'ight  of  which  flour  is  eapal)le  go  fai-  toward 
explaining  discrepancies  in  water-absorbing  power,  and  yield,  of  labora¬ 
tory  samples. 


566.  Water-Absorbing  Capacity.— -rndouhtedly  one  of  the 
best  methods  of  (h-termining  the  water-absorbing  capacity  of  a  sample 
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of  Hour  is  liy  dougliing  it,  and  then  judging  ))y  tlie  consistency  of  tlu' 
dougli.  Tlio  dougli  may  be  tested  in  tins  manner  sliortly  after  being 
made  up,  and  again  after  an  interval  of  some  hours.  A  more  or  less 
accurate  jiulgment  is  thus  formed  of  the  water-al)sorbing  power  of  the 
flour  when  first  made  into  dough,  and  also  its  capacity  for  resi.stance 
to  the  changes  which  take  place  in  the  constituents  of  Hour  while 
standing  for  some  time  in  a  moist  condition.  The  unfoi  tunate  point 
about  such  determinations  is,  that  judging  by  the  appearance  and  stiff¬ 
ness  of  a  (hjugh  is  exceedingly  uncertain  ;  one  person’s  own  judgment 
is  not  at  all  times  alike,  and  the  difficulty  is  multiplied  infinitely  when 
an  attemjit  is  made  to  compai-e  that  of  several  persons.  Again,  there  is 
the  fact  that  for  all  purposes  of  exactitude  it  is  es.sential  that  some 
means  shall  exist  for  expressing  residts  in  actual  Hgures. 

binding  the  problem  in  this  state,  the  author  devised  and  patented 
apparatus,  which  had  as  its  object  the  determination  of  Water  Absorp¬ 
tive  Power,  and  giving  a  numerical  exiiression  of  the  result.  The 
starting  point  was  to  decide  on  some  mode  of  expressing  Yield  :  the 
first  idea  was  to  make  use  of  the  number  of  quartern  loaves  of  bread 
that  could  be  produced  from  a  sack  of  Hour.  But  here  the  difficulty 
occurred  that  different  bakei's  are  in  the  habit  of  weighing  their  lireafl 
into  the  oven  at  diff'enmt  weights,  to  say  nothing  about  the  possibilities 
of  different  weights  when  the  bread  leaves  the  oven.  Purtlier,  the  use 
or  non-u.se  of  “  fruit  ”  renders  this  method  of  considerable  uncertainty. 
There  is  again  the  fact  that  some  bakers  work  with  slacker  doughs  than 
do  others. 

Thoms,  of  Alyth,  has  made  some  very  important  experiments  on  the 
strength  of  Hour  by  the  doughing  test.  He  has  adopted  the  method 
of  taking  1  j  oz.  of  flour  and  measuring  the  water  in  drams  :  in  a  most 
\  aluable  table  published  by  him,  he  gives  the  results  of  such  tests,  in 
loaves  per  sack  and  barrel,  with  quantities  of  water,  vaiying  from  8  to 
IG  drams.  The  tabulated  estimate  of  results  per  sack  provides  for  loss 
in  working,  the  actual  figures  given  having  been  determined  by  the 
corresponding  baking  tests  with  280  lbs.  of  Hour. 

After  considering  several  possible  modes  of  expression,  the  decision 
arrived  at  Ijy  the  author  was  to  give  the  (juantity  of  water  that  a 
definite  weight  of  the  Hour  took,  in  order  to  produce  a  dough  of  deffnite 
and  standarrl  consistency.  By  almost  universal  consent  the  standard  of 
weight  of  Hour  would,  in  this  country,  be  the  .sack  of  2^0  Ib.s.,  while 
V  ater  can  be  conveniently  e.xpressed  in  (juarts.  The.  (juart  being  the 
quartei’  of  a  gallon,  and  tlu;  gallon  weighing  10  lbs.,  render  it  easv 
to  convert  quarts  into  either  gallons  or  lbs.  It  will  be  noticed  that  the 
adoption  of  this  standard  does  not  touch  on  the  conte.st('d  question  of 
loss  of  water  in  the  oven. 

567.  Water- Absorption  Burette.  — The  oj)eration  of  doughing 
re.solves  itself  into  taking  any  convenient  quantity  of  Houi’,  and  adding 
sufficient  water  to  it  to  make  a  (hmgli  of  normal  stiiliu'ss,  and  then 
calculating  out  the  wat(‘r  employed  into  the  pr'opoi'ticm  of  quarts  per 
sack.  Ihe  sinqjlest  way  of  doing  this  is  to  fix  on  tlu^  (|uantity  of  Hour, 
and  then  make  a  measui'ing  instrunumt  for  the  watei'  (‘' bui'ette  ”  or 
“jiipette”),  which  shall  be  graduat(al  so  that  each  division  I'cpresents  a 
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(juart  of  water  per  sack.  Such  a  measuring  instrument  is  the  first  part 
of  the  apparatus  described ;  in  using  it,  the  flour  is  weighed  out,  and 
the  (juantity  of  water  run  in  is  at  once  read  off,  without  any  calculation 
whatev'er,  as  quarts  per  sack.  The  practical  advantages  of  this  method 
are  evident,  as  from  a  small  doughing  test  a  baker  can  at  once  direct 
how  much  water  is  to  be  added  per  sack  of  any  particular  flour.  The 
strength  burette,  together  with  the  viscometer,  is  shown  in  Figure  66  : 
at  the  to{)  of  the  instrument  is  the  zero  mark,  between  which  and  “  10  ” 
there  are  no  graduations  ;  the  tube  is  then  graduated  in  single  quarts 
down  to  80  at  the  lower  end.  At  the  bottom  a  glass  jet  is  attached  by 
means  of  a  piece  of  india-rubber  tubing ;  this  is  normally  kept  closed 
by  the  spring-clip  shown,  but  may  be  opened  at  will  by  pressing  tin' 

two  buttons  shown,  one  on  either  side. 
In  use,  the  burette  may  be  held  in  the 
hand,  but  is  preferably  fixed  in  a 
burette  stand.  It  may  be  tilled  either 
by  pouring  in  water  at  the  top,  or  by 
opening  the  clip  and  .sucking  it  up 
through  the  jet. 

It  is  important  to  bear  in  mind  that 
if  great  exactness  is  required  in  dough¬ 
ing  tests,  the  dough,  when  made, 
should  have  a  definite  temperature. 
It  is  recommended  that  for  this  pur¬ 
pose  that  of  7U°  F.  be  adopted.  If 
possible,  iv  flour-testing  laboratory 
should  stand  jjermanently  at  as  nearly 
as  possible  that  temperature.  Jlefore 
starting  a  series  of  tests,  the  water 
should  be  adjusted  to  F.  :  and  the 
flours,  if  cold,  allowed  to  stand  in  a 
warm  room  sutliciently  long  to  give  the 
same  temperature  when  tested  by  the 
thermometer. 

^\’here  a  number  of  flours  ai‘('  being 
tested,  it  is  an  (‘xceedingly  convenient 
plan  tohav(>  a  water  reservoir  attached 
to  the  burette;  tlu*  whole  a))paratus 
will  them  ajjpear  as  shown  in  Figure  6a. 

In  the  low(‘r  j)art  of  the  figure  the 
ljurette.  is  seen  fixed  in  a  stand.  At  <i 
is  a  second  tube,  opeming  into  the 
burette  abov(‘  the  clip  ;  by  means  of 
india-rid>ber  tul)ing,  this  second  tube, 
a  is  attached  to  a  glass  reservoir.  A,  wliich  stands  on  a  shelf  above  the 
level  of  the  top  of  the  burc'tte.  Ily  means  of  a  spring-clip  at  n  the 
licjuid  in  the  re.servoir  is  shut  off  from  the  burette.  The  burette  being 
empty,  open  the  clip  a;  the  wati'r  flows  tVom  A  upward  into  the  burette  ; 
when  the  level  coincides  with  the  zero  mark  ilo.se  this  clip,  and  jirocetHl 
to  delivcn-  the  desired  (juantity  of  water  by  pn'ssing  the  clip  at  the 
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l)ottoni  of  the  burette.  In  this  iiiiiniier  the  instrument  may  ho  filled 
with  great  convenience  and  rapidity. 

To  test  a  flour,  weigh  out  as  e.xactly  as  po.ssihle  one  and  a-half  ounces 
of  the  sample,  and  transfer  it  to  a  small  cup  or  basin.  Next  fill  the 
burette  with  water  until  the  level  exactly  stands  at  the  toj)  graduation 
mark.  Then  place  the  cup  containing  the  flour  under  the  burette,  and 
press  the  clij),  allowing  the  water  to  run  out  until  down  to  as  many 
quarts  as  it  is  thought  likely  the  flour  will  require.  Then,  by  means  of 
the  stirring  rod,  work  the  Hour  and  water  into  a  perfectly  even  dough  ; 
try,  by  moulding  it  between  the  fingers,  whether  it  is  too  stiff  or  too 
slack  :  if  .so,  dough  up  a  fresh  sample,  using  either  more  or  less  water 
as  the  case  may  l)e.  Having  thus  made'  a  dough  of  a  similar  consistency 
ti)  that  usually  employed,  read  off  from  the  burette  how  much  Muiter  has 
been  used.  The  figures  will  exiiress,  without  any  further  calculation 
whatever,  how  many  (piarts  of  water  the  flour  will  take  to  the  sack. 
It  is  well  before  judging  the  stiffness  of  the  dough  to  allow  it  to  stand 
for  some  time.  The  author  allows  his  doughs  to  remain  an  hour  before 
testing  them. 

It  is  not  safe  to  state  from  the  doughing  test  alone  how  many  loaves 
a  certain  Hour  is  capable  of  yielding  per  sack,  because  different  bakers, 
by  working  in  ditierent  manners,  do  not  get  the  same  bread  yield  from 
•one  and  the  same  Hour.  Each  baker  should  therefore  ascm’tain  for 
himself  by  means  of  a  baking  test,  working  according  to  his  own 
methods,  how'  man}'  loaves  he  obtains  from  a  sack  of  any  particular 
Hour.  He  can  then  in  the  following  manner  arrange  for  himself  a  table 
showing  the  bread  equivalent  of  the  “  quarts  per  .sack  ”  readings  of  the 
burette.  lo  make  this  test,  take  a  sack  of  flour  and  measure  the 
ijuantity  of  water  requisite  to  make  a  dough  of  the  proper  consistenev. 
Then  count  the  number  of  2-lb.  or  4-lb.  loaves  it  yields  on  l)eing  baked. 
t5U])pose  that  the  Hour  takes  70  quarts  of  water  :  then  dough  up  a  .samj^le 
with  the  burette,  using  water  to  the  70  quart  mark,  and  take  dough  of 
that  stiffness  as  the  standard.  Any  other  flour  of  the  same  character 
which  takes  the  same  quantity  of  water  to  make  a  dough  of  similar 
consistency  will  turn  out  about  the  same  yield  of  bread.  Suppost' 
■another  sample  of  H(jur  takes  72  (juarts  of  water,  then  it  will  make, 
neglecting  the  slight  loss  in  working,  5  lbs.  more  dough  (one  quart  of 
water  weighs  2^  llis.).  Weighing  the  bread  into  the  oven  at  4  lb.  6  oz. 
per  the  4-lb.  loaf,  every  two  quarts  more  water  per  sack  means  I'athei' 
over  another  4-lb.  loaf  produced.  In  exact  figures  the  additional  5  ll)s. 
of  dough  yield  4  lb.  if  oz.  of  baked  liread,  or  practically  4.^  Ib.s. 

In  this  easy  manner,  by  this  instrunK'iit,  a  bakin'  may  determiiu'  for 
himself,  without  any  but  the  simpl(*st  mental  calculation,  and  working 
according  to  his  own  processes,  how  much  bread  a  particular  Hour  yields. 
It  is  advised  that  every  baker  should  for  himself  construct  a  tabhi  of 
results,  based  on  his  own  method  of  woi'king.  To  do  this,  let  him,  as 
suggested,  make  a  trial  baking,  and  find  out  how  many  (juarts  of  water 
a  sack  of  any  one  Hour  tidces,  and  how  many  loaves  it  jiroduces.  Entcu' 
those  figures  in  the  table,  then  for  every  two  (juarts  more  add  on  4.^  lbs. 
of  bread  or  14  4-lb.  loaves  :  for  every  two  (juai'ts  less  subtract  the 
■same  amount. 
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568.  The  Viscometer,  fu  order 

}>rol)lein 


FIG.  66. — VISCOMETKR  AM> 
STRKNG  I  II  liURE  T  I'E. 

descend.  Since 
;ind  relincnunits 


the  first  instrunu'nt 
liave  heen  introduce! 


to  carry  tlie  water  atisorption 
a  step  further,  it  is  necessary, 
not  only  to  liavt*  made  tlie  dough,  Init  also 
to  devis(>  means  for  meclianically  deter¬ 
mining  its  consistency.  Tliis  is  th<“  more 
ditficult,  as  ditferent  kinds  of  flour  pi’o- 
duce  doughs  of  ditferent  cliaracter.  Thus, 
a  spring  American  Hour  will  yield  a  dougli 
whose  essential  charact(*ristic  is  rigidity  j 
a  Hungarian  Hour  yields  a  soft  dough, 
hut  one  which,  nevertheless,  possesses 
most  remarkahle  tenacity.  Any  instru¬ 
ment  for  me;isuring  the  consistency  of 
flough  must  take  into  account  these  two 
somewhat  opposite  cliaracters,  giving  each 
its  projier  value.  The  resistance  of  the 
dough  to  being  scjueezed,  and  its  resistiince 
to  being  pulled  asunder,  must  both  be 
taken  into  account.  The  second  part  of 
the  Hour-testing  appiaratus  consi.sts  of  an 
instrument  for  deHnitely  measuring  the 
viscosity  fif  dough.  This  is  etfected  liy 
forcing  a  deHnite  (piantity  of  dough 
through  a  small  aperture,  and  measuring 
the  time  taken  in  so 
ing  constant.  The  machine  for 
this  measurement  is  termed  a  “  Visco¬ 
meter,”  literally,  a  measurer  of  viscosity. 
It  is  so  arranged  that,  in  doing  the  work 
of  forcing  the  dough  through  the  aperture, 
both  the  stiffness  and  tenacity  of  tlie 
dough  are  called  into  play  as  resisting 
agents.  The  conseijuence  is  that  a  very 
soft  and  tenacious  dough  may  prove  its 
viscosity  to  be  as  greiit  as  that  of  a  stiff 
dough  with  compiiratively  little  tenacity. 
Undoubtedly  this  is  in  keeping  with  the 
observed  facts  of  baking,  for,  as  is  often 
said,  ci'rtain  Hours  will  bear  being  nuide 
much  slacker  than  others  ;  that  is,  their 
temicity  as  dough  moi’e  than  nuikes  up 
for  tlu'ir  comp;irativ(‘ly  little  stiH’ness  or 
rigidity. 

The  viscometi'r  consists  essmitially  of  a 
cylindei',  having  a  winghted  and  gradiuited 
piston,  iiml  an  ajierture  through  tlu'  bot¬ 
tom  for  tilt'  e.\it.  of  tlu'  dough  ;  the  stiller 
the  dough,  the  more  slowly  dot's  tlu'  pisttui 
was  nuult'  ti  numbt'r  of  altei'iitions 
with  the  tibject  of  tliminishing 


doing,  the  ftirce  be- 
machine  fttr  making 
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certain  causes  of  (u-ror  whicli  were  revealed  on  experinu'nt.  Tn  its 
present  form  tlu‘  author  is  satisfied  that  the  instrument  is  afl'ected  in  its 
workinif  by  the  eondition  of  tlu^  douifli,  and  that  only  ;  fui-tlier,  that  it 
takes  cognizance  l)otli  of  tlie  t(“nacity  and  tlie  rigidity  of  the  dough. 
It  is  claimed  for  the  viscometer  that  it  affords  a  mea?is  of  absolute 
measure  of  these  two  cjualities  of  stiffness  and  tenacity.  In  certain  cases 
where  two  doughs  have  been  submitted  to  the  judgment  of  bakei's,  and 
then  tested  by  the  viscometi'r,  that  judged  the  softer  to  the  touch  has 
b('en  registered  by  the  viscometer  as  the  dough  of  greater  consistmicv. 
The  very  simple  explanation  is  that  it  is  dithcult  to  form  an  accurate 
judgment  of  tenacity  by  handling  a  small  piece  of  dough.  Flours  which 
exhibit  this  particular  combination  of  softness  and  tenacity  are  just 
those  which  bakers  would  say  require  to  be  worked  slacker  than  others. 
Conse(|uently,  even  in  these  instances,  the  viscometric  measurement 
affords  a  valuable  indication  of  the  woi'king  water  absorbing  capacitv 
of  the  tioui-.  iNIillers  and  bakers  who  have  seen  the  apparatus  at  work 
endorse  this  opinion.  In  msing  the  instrument,  the  dough  is  first  put 
into  the  vi.scometer,  and  the  time  which  the  piston  takes  to  travel 
between  two  of  its  graduations  is  noticed. 

Figure  66  is  a  sectional  drawing  of  the  vi.scometer,  about  one-third 
the  actual  .size  of  the  instrument.  The  lower  j^art,  marked  ab,  is  a 
cylindrical  base,  through  which  are  two  lightening  holes,  marked  j  c 
The  C3dinder,  ef,  and  flange,  cd,  are  cast  in  one  piece  ;  cd  has  a  collai- 
turned  down  to  tit  inside  the  edge  of  cd  is  milled.  Through  th(> 
l)Ottom  of  the  cylinder  is  a  hole,  marked  t ;  the  uj^per  edge  of  this  hole 
is  rounded  off,  in  order  that  no  cutting  edge  shall  be  presented.  This 
aperture  maj’  be  opened  or  closed  at  will  bj”^  the  cover,  ?/,  which  slides 
between  a  ])air  of  guides,  and  may  be  drawn  in  or  out  by  the  rod  and 
milled  head,  v.  The  piston,  m  n,  con.sists  of  a  thin  disc  of  steel,  the 
lower  edge  of  which  is  rounded  :  this  piston  is  attached  to  the  bottom 
of  a  trunk,  we;,  the  diameter  of  which  is  about  one-sixteenth  of  an  inch 
less  than  that  of  the  piston.  This  piston  trunk  2^'^sses  through  tlu' 
cydinder  cover,  g h  ;  in  the  toj:)  of  this  cover  is  screwed  a  tube,  ij. 
cariying  at  its  U2)per  end  a  collar,  kb.  Doth  this  collar  and  the  c^'linder 
cover,  ^  bi,  are  bored  to  exactly  tit  the  trunk  of  the  piston.  The  cylinder 
cover  tube,  z'y,  and  collai',  /t/,  therefore  together  act  as  a  guide  for  the 
piston,  allowing  it  to  slide  steadily  up  and  ilown  with  the  minimum  of 
friction.  The  bottom  ot  the  c^'linder  covi^r  tits  over  the  top  of  the 
cylinder,  and  is  secured  in  its  place  by  a  pair  of  studs  and  bayi.inet 
catches,  s  bi.  On  the  upijer  i:)art  of  the  ti'uidc  are  three  lines,  g  qr,  th(> 
di.stance  between  each  jiair  being  three-eighths  of  an  inch.  This  trunk 
is  loaded  inside  in  order  to  give  it  the  requisite  weight.  AVith  the  ex¬ 
ception  of  the  steel  jiiston,  m  n,  the  instrument  is  throughout  constructed 
of  brass. 

569.  Method  Employed  in  using  the  Viscometer.-  It  is. 

first  necessaiy  to  ti-x  on  a  standard  of  stillness  fcjr  doughs  :  that  adopted 
by  the  authoi'  is  such  as  allows  tlie  jiiston  of  the  viscometer  to  fall  from 
mark  />  to  mark  /  in  sixty  seconds.  As  such  doughs  are  slacker  than 
those  enqiloyed  for  many  pur] loscs,  a  stiller  standard  may,  if  wished,  be 
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selected  ;  in  sucli  a  case  the  readings  may  he  taken,  if  desired,  when  tlie 
piston  has  made  half  its  strok(^,  that  is,  has  ti’avelled  from  r  io  instead 
of  the  wholi'  distance,  r  to  p.  Each  individual  user  of  the  instrument 
may  thus  determine  on  a  standard  for  himself. 

'\^  hatever  standard  is  selected,  whether  the  si.xty-seconds’  standard 
employed  hy  the  author,  or  another,  weigh  out  one  and  a-half  ounces  of 
Hour,  add  water  from  the  strength  burette,  and  dough  up  the  sample  as 
before  described,  using  a  (juantity  of  water,  which,  as  well  as  can  be 
Judged,  shall  give  a  dough  of  standard  consistency.  The  dough  may 
1)3  mixed  l)y  hand  in  a  basin,  but  the  author  strongly  recommends  the 
use  of  one  of  PHeiderer’s  small  doughing  machines  made  specially  for 
testing  purposes  :  tliese  have  the  great  advantage  that  the}"  mi.x  the 
dough  thoroughly,  and  with  absolute  uniformity.  The  machine  is  made 
with  water-tight  bearings,  and  is  titted  with  a  revolution  indicator  by 
wliich  the  number  of  turns  given  to  the  handle  are  registerefl.  Place 
the  Hour  and  water  direct  in  the  machine,  and  turn  the  handle  so  that 
the  upper  edges  of  tlie  blades  apiU'oach  each  other.  AVhen  the  Hour 
and  water  are  roughly  mixed,  scrape  down  the  sides  of  the  machine,  by 
means  of  a  small  spatula  :  note  the  position  of  the  revolution  indicator, 
and  give  the  dough  fifty  revolutions.  When  suHiciently  mixed,  take 
the  dough  from  the  machine  and  set  it  aside  in  a  small  glass  tumbler, 
or  other  vessel,  for  one  hour.  Cover  over  with  a  glass  plate  in  order 
to  prevent  evaporation.  ^Vhen  (xxamining  a  number  of  sani])les,  dough 
them  up  one  after  the  other  for  an  hour,  and  then  come  back  to  the 
furtlier  testing  of  the  first  one,  and  take  them  in  rotation. 

Having  thoroughly  cleaned  the  cylinder  and  piston  of  the  viscometer, 
fill  the  cylinder  with  the  dough  to  be  tested  ;  to  do  this,  slightly  open 
file  bottom  aperture  and  i)ush  in  the  dough  through  the  top,  by  means 
of  a  stout  brass  .spiatula.  In  this  way  Hll  the  cylinder  completely,  taking 
care  that  there  are  no  air  spaces  ;  shut  the  aperture,  /,  aiul  then,  holding 
the  cylinder  horizontally  in  the  left  hand,  put  on  the  cylinder  cover,  the 
|iiston  being  at  the  toj)  of  its  stroke.  Secure  it  by  means  of  the 
i)avonet  catches,  and  stand  tlie  cylinder  scjuarely  on  the  base,  a  Ih 
Arrange  a  vessel,  x,  to  recei\  e  the  dough  as  forced  through  the 
instrument.  Ne.xt.  have  ready  a  watch  with  seconds’  hand  (a  chrono¬ 
graph  is  the  most  convenient  thing,  if  one  haiipens  to  be  in  jiossession 
of  the  worker);  pull  out  the  milled  head,  v,  the  jiiston  bi'gins  to 
slescend.  As  soon  as  the  line  r  coincides  with  the  top  of  /■/,  note  the 
time,  or  start  the  chronograph;  note  again  when  the  line/'  descends 
to  k/,  and  observe  how  long  the  piston  has  taken  to  travel  this  distance. 
If  exactly  sixty  seconds,  or  whatever  other  standard  has  been  selected, 
the  (lough  is  of  the  standard  consistency,  and  the  (piantity  of  water 
used  is  that  re(juired  by  the  pai-ticular  ilour  to  make  a  dough  of  the 
standard  stiH'ness.  Feel  the  dough  with  the  Hngers  and  see,  (‘.specially, 
whether  it  sec'ins  hard  or  soft.  A  soft  dough,  which  nevertheless  goes 
thi'ough  the  machine  slowly,  must  possess  great  tenacity.  Such  Hours 
have  almost  invariably  high  wat(‘r-r(‘taining  powei-.  'riie  test  having 
been  made',  tuiai  back  the  ba}'onet  catches,  and  withdraw  the  cylinder 
cox’cr,  piston,  and  guide  from  tlu'  cylinder.  Uemove  the  dough  from 
the  piston,  and  clean  out  the  cylinder  by  im'ans  of  a  spatula.  In  handling 
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tlie  piston  bo  careful  not  to  liold  it  with  the  cover  end  uppermost,  as 
tlie  pisttm  rod  tlien  slides  backwards,  and  is  stopped  by  the  jiiston 
coining  violentl}’  in  contact  with  the  cover.  The  piston  being  very  thin 
is  liable  by  rough  usage  in  this  way  to  be  forced  off  the  rod.  When 
the  instrument  is  done  with,  the  cylinder  should  be  kept  soaking  in 
\\ater,  so  as  to  remove  any  traces  of  dough  that  might  clog  the  valv'e  at 
the  bottom. 

Having  described  the  mode  of  using  the  instrument,  its  action  on  the 
dough  may  now  be  examined.  In  the  first  place,  the  lower  edge  of  the 
piston  and  the  up^ier  one  of  tlie  aperture  througli  the  cylinder°bottoms 
are  both  roundecl,  therefore  the  dough  is  not  subjected  to  any  cutting- 
action.  In  the  next  place,  the  piston  during  its  descent  meets  with  no 
resistance  whatever  except  that  due  to  the  dough  itself;  as  it  pas.ses 
douni  through  the  hole  in  the  cylinder  cover  it"  is  impossible  for  the 
dough  to  tind  its  way  up  througli  that  opmiing  against  the  downward 
movement  of  the  piston  ;  consequently,  there  is  no  clogging  whatever 
of  the  moving  parts  of  the  apparatus.  The  dough,  in  order  to  make  its 
way  out,  has  to  alter  its  shape  so  as  to  pass  through  the  small  hole 
at  the  bottom,  consequently  its  rigidity  is  here  taken  into  account.  At 
the  end  of  the  stroke,  the  piston  is  found  to  have  pushed  out  a  plug  of 
dough  from  the  centre  of  the  cylinder,  leaving  a  ring  of  dough  standing 
round  its  outside.  To  force  out  this  plug,  the  piston  must  have  torn 
away  these  particles  of  dough  from  the  annulus  (ring)  of  dough  left 
standing.  Hence  it  is  that  this  apparatus  registers  so  thoroughly  the 
tenacity  of  the  dough  as  well  as  its  rigidity.  By  shading  the  dough  in 
the  figure  an  attempt  has  been  made  to  indicate,  the  probable  liifes  of 
movement  of  the  dough  as  the  piston  jiasses  downwards.  An  inspection 
of  the  drawing  of  the  viscometer,  and  a  study  of  its  principles,  show 
that  It  IS  the  condition  of  the  dough,  and  that  only,  which  can  possiblv 
affect  the  speed  at  which  the  2ffston  descends. 

In  practice  it  is  well  to  have  at  least  two  tests  made  on  the  same 
nour  with  the  viscometer.  When  the  apjiroximate  water-absorbing 
power  is  known,  these  may  well  be  taken  at  2  quarts  below  and  2  quarts 
above  this  point  respectively.  Having  obtained  a  pair  of  piston  lead- 
ings,  one  above  and  the  other  below  the  sixty  seconds  (or  other  pre- 
<  etei  mined)  standard,  the  actual  (piantity  of  water  corres]ionding  to  tlu' 
standard  may  be  calculated  in  tlie  following  manner  : — For  enterim-- 
the  tests  it  is  recommended  that  a  book  be  procured  ruled  both  ways  of 
the  page  ;  the  water-ab.sorption  re.sults  should  then  be  entered  as  shown 
in  I-igure  G7,  jiage  oBb  Siqqjosing  70  (juarts  to  have  run  through  in  f)() 
seconds,  and  <2  quarts  in  oO  .seconds,  thmi  on  drawing  a  line  connectin-- 
these  two  points,  the  place  where  it  cro.sses  the  horizontal  line  marked 
htl  in  seconds,  will  give  the  water  absorption  in  quarts.  Thus  referrimr 
to  Hour  No.  2,  Figure  G7,  the  72  quart  dough  ran  thnmgh  in  SG 
seconds  and  the  74  quart  dough  in  I.G  .seconds:  on  the.se  iioints  being 
.)omc(  ly  a  line,  it  cut  the  GO  seconds  line  at  very  nearly  midway 
Getween  the  i2  and  the  74  (piart  lines,  therefore  the  water-absorbim.- 
capacity  was  taken  as  being  7:5  (piarts.  In  this  way,  the  ab.sorptive 
power  of  various  flours  for  intermediate  points  between  two  readimm 
'Viis  arrived  at.  An  in.spection  of  Figure  G7  shows  that  the  upper 
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portions  of  tliese  liiu's,  grapliically  repiesentiii^  iil)Sorl)iiig  capacity,  arc 
very  nearly  parallel  to  eacli  other.  The  author  tinds  if  the  first  test 
made  gives  a  viscometer  reading  between  45  and  00,  that  the  water 
ahsoi’pt  ioii  may  be  deducixl  with  sutlicient  correctness  f(jr  most  purjioses 
in  the  following  manner  ; — On  a  page,  properly  ruled  both  ways,  set  out 
two  (jr  three  lines  similar  to  those  in  Figun;  07  representing  the  water¬ 
absorbing  power  of  diiierent  flours.  Then,  supposing  a  flour  under 
e.xamination  has  run  through  the  viscometer  in  87  seconds,  with  OS 
(juai'ts  of  watei',  make  a  mark  at  that  jioint,  and  draw  fn^nn  it  a  line 
across  the  00  seconds  line,  and  j)arallel  to  the  lines  of  other  Hours 
previousl}^  .set  out,  R(ickon  the  water  absorption  from  the  point  where 
it  cuts  the  GO  seconds  line.  iSuch  a  Hour  woidd  i)robably  absorb  about 
09'5  (juarts  of  water.  .Judging  from  a  number  of  Hours  that  have  been 
tested  in  this  manner,  the  single  test  gives  results  that  veiy  seldom  are 
more  than  0'5  quart  off  from  tho.se  obtained  by  doughing  the  Hour  with 
two  different  quantities  of  water. 

E-xarnples  of  a  few  detailed  viscometer  tests  are  given  in  tlie  following 
table.  The  heavier  Hgures  are  the  calculated  quarts  per  sack  for  00 
seconds. 

RESULTS  OF  VISCOMETER  TESTS  ON  FLOURS. 

No.  Names  ami  Desorietions  of  Flours. 

1.  Patent  Flour,  from  Amei'icnn  Hard  Fyfe  Wheat. 

•J.  IJakers’  Flour,  „  „  ,, 

.‘1.  Hungarian  Flour,  First  Patent. 

4.  English  Wheat  Flour. 


TIME  ALLOWED  TO  REMAIN  IN  DUUGII 

I 

-ONE  HOUR. 

liuaits 

tjuaits 

No. 

I»pr 

Seconds. 

No. 

liei- 

Seconds. 

Sack. 

^ack. 

66 

215 

66 

223 

68 

193 

68 

200 

70 

74 

70 

107  1 

71 

60 

72 

86  1 

I 

72 

52 

2 

73 

60  I 

74 

44 

74 

43 

76 

24 

76 

29 

78 

10 

78 

16 

80 

12 

74 

255 

S8 

183 

76 

170 

60 

120 

78 

00 

62 

82 

3 

80 

38  • 

4 

63 

60 

82 

2.S 

64 

27 

1 

84 

18 

06 

19  1 

1 

86 

10 

...  1 
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670.  Stability  Tests.  -As  tlio  name  implies,  tlies(!  are  tests 
made  m  order  to  determine  the  rat('  at  whicli  a  softeinny;  down  of  the. 
tiour  occurs  dui-iin;  tlie  time  it  remains  in  tlie  doii.i^h.  An  old-faslnoned 
nnllers’  nu'thod  of  testin.ij;  Hours  consisted  in  dou,ij;lnng  tliem,  allowin--' 
them  to  stand  for  some  twenty-four  liours,  and'  then  examiniin^  the 
stitlness  of  tlie  dougli.  Hound  Hours  would  stand  fairly  well,  while 
those  which  were  unsound  yielded  dou£,dis  which  “ran  to  water.”  The 
stahdity  tests,  made  1  y  the  author  with  the  viscometer,  were  simply 
moddications  of  these.  Samples  of  doughs  wen,-  kept  for  diti'erent  periods 
ot  time  in  tiiinl.lers  with  glass  covers,  which  fitted  air-tight  in  order  to 
prevent  evaporation;  at  the  end  of  which  time  they  were  tested  with 
the  viscometer.  The  results  of  a  numher  of  such  tests  are  given  in 
the  following  table,  and  are  also  represented  in  Figure  G7. 

WATF.K-A13S0HmNG  POWEK  OF  FLOUHS  AFTER  STANDING  DIFFERENT 
LENGTHS  OF  TIME  IN  THE  DOUGH. 

Names  aiul  Description  of  Flour. 

0.  Straight  Grade,  from  No.  C.alcutta  Wheat. 

’>  „  Saxonska  Wheat. 

I.  Town  Houseliold.s,  No.  1. 

8.  Town  Households,  No.  2. 


No. 

TIME  ALi.OWED  TO  RE.MAIN  IN  DOUGH 

lilMKIHATE. 

iiALF-uorn. 

THKKE  HOURS. 

T\VE.\'ry-Fol-R  HOURS 

Ciuarts 

per 

Sack. 

Seconds. 

(Jiiarts 

per 

Sack. 

Seconds. 

(Quarts 

per 

Sack. 

Seconds. 

Quarts 

per 

Sack. 

Seconds. 

5 

70 

72 

72 

II4 

60 

53 

70 

71-5 

72 

74 

93 

60 

50 

29 

68 

70 

70 

72 

74 

i  92 

60 

56 

40 

24 

62 

64-5 

66 

68 

72 

77 

60 

49  i 
30 

16 

6 

68 

70 

70-5 

72 

90 

66 

60 

45 

62 

65-5 

66 

68 

70 

... 

104 

60 

48 

33 

14 

... 

60 

62 

64 

66 

*9  ! 

1 1 

7 

5  ' 

7 

68 

70 

72 

72 

74 

1 16 

76 

63 

60 

38 

64 

66 

66 

68 

120 

60 

53 

56 

58 

59 

60 

62 

125 

63 

60 

55  ' 

40 

1 

8  ; 

64 

66  1 

66-5  ' 

1 

160 

76 

60 

64 

65  5 

66 

68 

1 

...  1 

•32 

60 

47 

25 

62 

62 

64 

66 

64 

60  , 
37  i 
30  , 

55 

56 

58 

60 

62 

64 

60  1 
35 

21  1 

18  1 

1 1 
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The  stiffness  of  dou^Ii  is,  as  liefore  reniarkerl,  affected  to  a  very 
marked  degree  liy  its  temperature,  and  tliis  particularly  applies  to  any 
tests  allowed  to  stand  for  a  length  of  time  :  it  is  well  therefore  in  such 
tests  to  employ  means  of  keeping  the  doughs  at  a  uniform  temperature 
during  the  whole  time  of  standing. 

Effect  of  Teviperahire. — In  order  to  measure  the  effect  of  variations 
of  temperature,  on  water-absorbing  power,  the  following  tests  were 
made: — Water  was  taken  at  32°,  40°,  Arc.,  F.,  up  to  110°  F.  In  order 
to  keep  them  at  the  desired  temperature,  the  doughs  were  placed  in 
small  glasses  covered  wuth  air-tight  plates,  and  these  immersed  in  a 
vessel  containing  wuater  at  the  same  temperature,  in  which  they  w'ere 
kept  for  an  hour.  Three  tests  w'ere  made  with  each  Hour  at  each 
temperatiu’e,  and  from  these  the  dough  of  the  standard  consistency  was 
deduced  in  the  manner  previously  described.  The  following  are  the  re¬ 
sults  of  the  tests  : — 


WATER-ABSORBING  POWER  OF  FLOURS  AT  DIFFERENT  DOUGH 

TEMPERATURES. 


No.  Names  amt  Description  f>f  Flour.s. 

1.  A  High-Class  Brand  of  Hungarian  Patent  Flour. 

2.  A  Patent  Flour  from  Duluth  Wheat. 

3.  A  High-Class  Patent  Flour  from  all  English  Wheat. 


Tempcriiture. 

Water  absorbed  to  make  dmigh  of  same 
consistency.  Quarts  per  .Sack. 

No.  1.  No.  2.  No.  3. 

32°  F. 

84-5 

72-0 

640 

40°  „ 

81-5 

72-5 

04-0 

50°  „ 

775 

70-0 

01-0 

60°  „ 

7  6  “5 

69-0 

00-5 

70°  „ 

70-5 

66'0 

55-0 

80°  „ 

69-0 

02-5 

54-0 

90°  „ 

67-0 

61-0 

52-0 

100°  „ 

60-5 

58-5 

47-5 

110°  „ 

01-0 

56-5 

44-5 

From  this  table  it  wall  be  seen  that  in  (“very  case  there  is  a  falling- 
off  in  water-absorbing  pow^ei'  with  the  inci'ease  of  b'lnperature. 

In  the  diagram.  Figure  67,  page  7)13,  the  results  of  the  water- 
ab.sorption  t(;“sts  on  the  table  of  Hours,  page  510,  beach'd  “  Results  of 
V^isconieter  Tests  on  Flours,”  have  Ix'en  drawm  as  a  series  of  curves. 
f)n  the  hori/ontal  lines  (co-oi’dinates)  are  .set  off  the  number  of  .seconds 
of  lime  taken  in  each  viscometer  test,  wliih'  the  numbers  representing 
the  (juarts  of  water  taken  arc  given  on  the  vertical  lines  (absci.ssie). 
The  hi'dier  the  watc'i'-absorptive  capacity,  the  further  to  the  right  does 
the  curve  of  the  Hour  appear;  and  the  more  the  rigidity  of  the  dough 
is  less('ned  by  an  eciual  increment  of  water,  the  more  nearly  vertical  is 
the  line  of  tlu*  curve.  The*  results  of  tests  on  the  loss  of  rigidity  of 
dou'di  of  No.  S  lloui',  as  a  consetpience  of  standing,  are  also  given  on  in 
this°tigure.  They  are  marked  8,  g, r,  c/ ;  Sr?  lu'ing  the  “imnu'diate” 
t(!st,  and  Sc/  that  after  twenty-four  hours.  Tlu'  softeinng  down,  as  the 
result  of  standing,  is  well  illustrated  in  the  diagram. 
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KIG.  67.— DIAGRAM  OF  WATER-AIiSORI'TION 
RESULTS. 


FIG.  68.— DIAGRAM  OF 
VARIATION'S  OF  TT  M  I'ER.ATURE 
RESn  1. 1  s. 


Figure  08  abov'e  gives  a  graphic  representation  of  the  effect  of  varia¬ 
tions  in  temperature,  as  expressed  in  tlie  preceding  table  (pa^m  51:2) 
file  quarts  per  sack  are  given  on  tlie  horizontal  lines,  and  tlie°various 
temperatures  on  the  abscissic.  The  greater  the  falling  off  in  water¬ 
absorbing  power  with  increase  of  temperature,  or,  in  other  words  the 

greater  the  softening  of  the  dough,  the  moiv  rapid  is  the  descent  of  the 
curve. 


571.  Valuation  of  Gluten. — A  number  of  attempts  have  beiui 
made  to  .satisfactorily  determine  the  quality  of  gluten,  as  consideird 


apart  from  its  actual  percentage  ;  it  must  be  confe.ssinl,  howiwer  that 
the  lesults  obtained  have  been,  from  the  standpoint  of  commercial 
testmg,  somewhat  ilisapiiointing.  As  a  result  of  experience  in  -duten 
testing,  a, judgment  can  be  formed  from  the  feel  and  appearanci^  of  the 
gluten  whim  wet.  Some  glutens  are  soft  and  sticky,  jmssi-ssing  at  the 
same  time  but  little  or  no  toughnes.s.  Others,  again,  are  hi<dily  ida.stic 
ami  firm  and  springy  to  the  touch  ;  these  latter  are  .special  qualitie.s 
which  render  a  flour  of  value  for  bread-making  jmrposes. 

r/^<?  The  instrunient  kniown  as  the  aleurometer  is  fhe 

result  ot  one  attempt  to  measure  these  ipialities  of  gluten.  The  j.rincij.le 
IS  that  of  measuring  the  degree  of  expansion  of  the  wrt  glutim  on 
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Ijfiiig  iDaintciiued  for  some  time  at  a  tem})(!rature  of  150°  C.  A  small 
c^'lincler  is  ])rovide(l,  to  which  is  attached  by  bayoiiet  catches  a  bottom 
and  top  ;  through  the  latter  of  these  passes  a  graduated  piston  rod, 
lixed  in  its  turn  to  a  piston  sliiling  within  the  cylinder.  A  weighed 
(piantity  of  gluten  is  placed  in  the  cylinder,  and  the  whole  apparatus 
j)ut  in  a  hot  oil  or  glycerin  bath,  maintained  at  150°  C.  The  gluten 
expands  with  the  heat,  and  raises  the  piston,  its  maximum  expansion 
being  read  on  the  piston  rod.  This  instrument  certainly  divides  the 
glutens  of  hour  and  wheat  into  strong  and  weak  classes,  but  no  very 
line  lines  of  distinction  can  with  accuracy  be  drawn. 

True  Gluten. — The  value  of  estimations  of  true  gluten  as  a  check  on 
those  of  crude  gluten  has  already  been  indicated  ;  but  they  have  also 
an  additional  importance.  Suppose,  for  example,  tw'o  flours  each  yield 
55’0  per  cent,  of  wet  gluten.  One  is  hard,  elastic,  and  springy,  while 
the  other  is  soft  and  flabby,  and  causes  the  washing  water  to  become 
“  lathery.”  It  will  at  once  be  said  that  the  former  is  the  higher  (juality 
gluten  of  the  two,  and  ijuite  correctly  :  but,  further,  the  results  would 
be  entered  that  each  yielded  the  same  quantity  of  gluten.  This  latter 
deduction  is  not  all  the  truth,  for  in  the  former  case  hardness  of  the 
gluten  will  have  permitted  most  of  the  starch  to  be  entirely  eliminated 
with  the  least  possible  loss  of  real  gluten  constituents  In  tlie  second 
instance  the  gluten  will  have  begun  to  wash  away  wliile  yet  there  is  a 
consideral)le  quantity  of  starch  remaining.  Therefore  the  35  0  per 
cent,  in  the  first  case  will  contain  more  real  gluten  and  less  foreign 
matter  than  in  the  second.  Tlie  estimation  of  “  true  gluten  ”  l)y  a 
nitrogen  determination  will  sliow  that  in  No.  1  there  is  a  higher  per¬ 
centage  of  actual  gluten  proteid  matter  than  in  No.  2,  and  that  tliere- 
fore  the  weaker  character  of  tlie  second  Hour  is  due  not  only  to  inferior 
(juality  of  gluten,  but  also  in  part  at  least  to  a  lower  percentage  of  true 
gluten. 

Gliadin  Deterniinations. — It  has  already  been  shown  that  gluten 
consists  of  two  proteid  liodies  known  as  gliadin  and  glutenin,  and  that 
the  former  of  these,  which  is  soluble  in  80  per  cent,  alcohol,  acts  as  the 
binding  and  toughening  agent  in  gluten.  In  a  following  chapter  an 
account  is  given  of  jiercentages  of  proteid  in  alcoholic  extracts  of 
hours  ;  as  the  jiroteid  thus  extracted  consists  almost  entirely  of  gliadin, 
some  light  is  tlirown  on  its  effect  on  tlie  jiarticular  character  and 
(juality  of  the  hours  di.scussed. 

The  Vesiculating  Test. — II.  C.  Kedzie,  in  a  recently  publislied  jiaper, 
describes  a  method  he  has  employed  for  gluten  or  strength  valuation  of 
hours,  dejiending  on  dissolving  the  jiroteids  in  a  dilute  solution  of 
sodium  carbonate,  NajCOg,  and  testing  the  re.sultant  li(juid.  The  test 
is  founded  on  the  fact  that  the  insoluble  gluten,  by  the  action  of  the  ( 
dilute  sodium  carbonate  solution,  is  jiartl}^  di.s.solved,  and  acajuires  a 
glairy  consistency  like  the  white  of  egg.  On  diluting  this  solution  and 
setting  free  the  carbon  dioxide  by  tartaric  acid,  it  forms  a  large  mass 
of  foam,  because  the  sticky  liijuid  retains  the  gas  in  the  form  of  small 
bubbles.  The  volume  of  such  foam  affords  a  measuiH'  of  the  la'tentive 
jiower  of  the  jiroteids  jirosent,  and  the  jiersistence  of  such  foam  measures 
the  strength  of  the  jiroteids.  If  these  are  very  strong,  the  bubbles  will 


COMMEUCIAL  TKST1N(;  OF  WHEATS  AND  FEOUHS. 


515 


lie  line,  will  not  soon  run  together  in  hirge  Imbliles,  and  the  foam  will 
last  many  minutes  before  it  lireaks  clown  into  a  ragged  mass.  One  is 
thus  able  to  see  the  vesieulating  cjuality  of  the  iii'oteid  bodies  in  a  Hour 
by  the  volume  of  foam,  and  to  note  their  stnmglh  by  observing  its  jier- 
manence.  It  is  possible  in  this  way  to  place  a  number  of  flours  side 
))}•  side  for  testing,  and  to  compaie  them  directly. 

The  test  is  conducted  in  tlie  following  manner  An  alkaline  solu¬ 
tion  is  jirepared  by  taking  ICO  grams  of  sodium  carbonate  crystals  {jiot 
bicarbonate),  dissolving  in  water,  and  making  the  solution  up  to  a  litre. 
The  acid  solution  is  preiiared  by  taking  31 -408  grams  of  crystallised 
tartaric  acid,  dissolving  in  water,  and  making  up  to  a  litre*.  Three; 
grams  of  the  flour  to  be  tested  are  weighed  out  into  a  small  porcelain 
moitn  .  tei  this  30  c.c.  of  the  alkaline  solution  are  gradually  added, 
tlie  flour  being  rubb(*d  up  with  it,  until  all  is  broken  down  into  a 
uniform  yellowish  mass  of  the  consistency  of  the  white  of  egg.  This  is 
allowed  to  stand  for  an  hour,  and  then  poured  into  a  talf  cylindrical 
Jar  (test-mixer  ungraduated),  13  inches  high  and  1^  inches  diameter, 
for  which  a  good  India  rubber  cork  should  be  provided.  The  mortal-  is 
ithoroughly  rinsed  with  50  c.c  of  water,  which  is  also  added  to  the 
bottle,  and  thoroughly  mixed  by  shaking.  Next,  20  c.c.  of  the  acid 
solution  are  to  be  poured  out  and  rapidly  inti’oduced  into  the  flour 
solution  in  the  bottle.  This  is  instantly  corked  and  inverted,  .so  as  to 
mix  the  contents  thoroughly;  the  liottle  is  then  set  upright,  the  cork 
removed,  and  the  results  watched.  The  height  to  which  the  foam  rises 
IS  to  be  measured,  the  size  of  the  bubbles  is  to  be  noticed,  and  the  time 
in  minutes  noted  before  the  vesiculation  breaks  down  into  a  ra-'i-ed 
mass.  By  skill  in  manipulating,  five  or  six  kinds  of  flour  can  be  toasted 
tune,  and  the  direct  comparison  is  stated  to  be  instructive. 

The  author  at  the  time  of  writing  has  not  had  the  opportunity  of 
making  any  extended  tests  with  this  method.  It  .seems  doubtful,  how- 
■e\er,  whether  the  characteristic  diflerences  one  observes  in  the  quality 
of  various  glutens  can  possibly  be  maintained  in  an  actual  proteid 
solution  Ihus,  there  are  many  instances  of  flours  which  yield  prac¬ 
tically  tlie  same  percentage  of  proteid  matter  ami  also  of  “  true  gluten  ” 
which  nevertheless  are  decidedly  diflerent  in  character.  The  important 
point  IS  whether  these  diflerences  in  character,  which  apparently  de¬ 
pend  largely  on  the  physical  condition  in  which  the  proteids  exist  in 
the  Hour,  still  continue  after  the  whole  of  the  proteids  are  reduced  to  a 
state  of  solution 

Visametric  Gluten  Valuations.— U  being  an  accepted  fact  that  the 
cliaracteristic  elasticity  of  wheaten  flour  is  due  to  the  quantity  and 
quality  of  gluten,  we  are  confronted  with  the  following  problem  -  --If  a 
•spring  American  (lour  be  taken  which  yields  4G-25  per  cent,  of  wet 
gluten,  and  has  a  vi.sconieter  value;  of  07  .piarts  iier  sack,  it  may  be 
compared  with  a  winter  Aimirican  flour  containing  27-93  per  c(‘nt  of 
wet  gluten,  and  having  a  vi.sconieter  value  of  54-5  quarts  per  sack.  Is 
tlie  111  ierence  in  al.sorptive  jiower  as  registered  by  the  viscometer  due 
entirely  to  the  diflerent  quantity  of  gluten  pn-seiit  or  partly  to  the 
jUci  1  y  o  t  irit  ylut(‘u  ^  As  ail  attempt  to  solve  this  (iu(*stion,  various 
Hours  were  taken,  and  their  gluten  and  viseom(‘ter  ivadijigs  dettamiined. 
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The  dry  flours  were  then  mixed  with  ditferent  (quantities  of  pure  wheat 
starcli  until  they  all  3dekled  the  same  percentages  of  gluten  ;  visco¬ 
metric  determinations  were  then  made  on  these  mixtures.  The  hallow 
ing  table  gives  the  results  of  such  tests  ; — • 

VISCOMETER  DETERMINATIONS  ON  MIXTURES  OE  EEOUR 

AND  STARCH. 


till 

■T 

! 

II.— Winter 

Auierican  Patent. 

III  —Second  Class 

Winter 

American  Uakeis. 

_ 

ci 

5  • 

> 

CS 

3  ^ 
If? 

7 

:z 

>• 

VII. -British 

.Milled 

Second  Patent. 

Original  Percentage  of  tVet 
Oluten 

39*2 

28*2 

32-0 

35-0 

2775 

3i'9 

38 '4 

Water-al).sorlnng  Power  hy 
Viscometer 

68-6 

54*8 

69-0 

76-0 

61  -O 

60-5 

64*0 

Viscometer  Readings, on  ( Outen 
being  reduced  ley  admixture 
of  Starch  to 

35  qrer  cent. 

65-0 

30  ,,  . 

627 

71-3 

60  ‘O 

63-0  1 

25  . 

62  *0 

55-5 

66 ’0 

707 

59-5 

t 

20  ,,  . 

6t  ‘4 

55 '4 

62-0 

66 '0 

57'5 

57-5 

58'5  1 

Weight  of  Starch  added  to  too 
[larts  of  Elour  to  reduce 
Gluten  to  20  qier  cent.  ... 

06  *0 

41  '0 

60  "O 

75 '0 

.1375 

59-5 

1 

92*0 

It  will  he  seen  that  in  the  ca.se  (jf  the  flour  with  high  water-ah.sorhing 
capacity,  they  still  retain  that  q)roqx'rty  on  being  diluted  with  starch  to 
an  uniform  wet  glut(ui-j3ercentage  level.  Thert'fore,  so  far  as  wet  gluten 
is  concerned,  it  is  evident  that  not  merel}'  (quantity  but  also  (qualit}’  has 
a  direct  influence  on  the  water-ab.sorbing  caqjacit}'  of  the  llour.  The 
calculation  of  how  much  starch  lias  to  lie  addc'd  is  a  very  simq)le  one, 
and  is  best  illustrated  by  an  actual  e.xamqile  :  thus,  taking  the  lirst  flour 
in  the  table,  we  find  it  yi(‘lded  q)ei’  cent,  of  wd  glut('n.  If  100 
q)arts  yield  3‘J'2  qier  c('nt.,  how  much  .starch  must  be  added  to  nnluce  the 
q)ercent<age  to  '20  on  the  mi.xture'? 

As  30  ;  IV.)"2  :  :  100  = 

1  :  :VJ-2  5  = 

31)'3  X  5  =  10()‘0,  weight  of  mixture. 

196  —  100  =  96,  wi'ight  of  starch  to  be  added. 

This  calculation  resolves  itself  into  the  simqile  one  : 

(Weight  of  wet  gluten  x  5)  -  100  =  weight  of  starch  to  be  added. 

In  connection  with  the  strong(‘r  flours,  an  iiiU'resting  qioint  is  the 
bearing  tli(;s((  exqM'rinu'iits  have  on  their  eaqiaeitv  for  miNing  quirqioses. 
Sucli  llours  arc;  largely  emqihyed  in  eoniu'ction  with  weaker  (lours, 
which,  while  used  for  colour  and  llavour,  arc*  mon;  allied  to  starch  in 
stremhli  qu’ciqiertics.  Evidence  is  here  givi'ii  (^f  the  comq)arative  caqcacit}' 
tlicise  various  flours  have  of  bearing  such  admixture. 
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In  view  of  tlie  importance  of  true  gluten  estimations  as  a  control  on 
those  of  wet  gluten,  a  series  of  determinations  madt;  on  (lours  diluted 
with  starch  to  an  uniform  true  gluten  basis  would  lit;  of  interest. 

5T2,  Colour. — This  is  jTi'obably  at  the  same  time  one  of  the  most 
ditHcult  and  most  important  tests  to  be  made  on  tlour.  The  great 
difficulty  is  that  the  colour  of  the  Hour  itself  is  not  necessarily  a  criterion 
of  that  of  the  bread  produced.  For  example,  some  lower  grade  winter 
wheat  Hours  look  very  white  and  even  better  coloured  than  harder 
sjuing  wheat  flours,  whereas  the  l)read  made  therefrom  is  exceedingly 
dark  and  ill-coloured.  Further,  the  colour  of  the  bread  is  dependent 
not  onl}’^  on  that  of  the  tlour,  but  on  the  mode  of  working,  and  other 
factors  which  vaiy  in  themselves. 

Unless  tests  are  made  for  no  other  purj)ose  than  the  comparison  of 
Hours  placed  side  by  side,  it  is  alrsolutely  necessary  to  have  some  means 
of  measuring  and  registering  colour.  The  most  familiar,  and  on  the 
whole  the  most  successful,  instrument  for  this  purpose  is  that  known  as 
Lovibond’s  Tintometer  or  colour-measurer.  As  this  appliance  has  been 
extensively  employed  in  the  following  investigations,  a  description  of  it 
at  this  stage  is  necessary. 

573.  Lovibond’s  Tintomotor.  —  The  instrument  itself  is  an 
optical  device,  Figure  09,  liy  means  of  which  a  sample  of  Hour,  bread. 


me  second  a  Jted,  and  a  IJiirtl  IJIue. 
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inserted.  At  f,  the  coloui’ed  .slalis  under  examination  are  ])]aced  for 
purposes  of  nieasurement. 

The  spongy  texture  of  lin'ad  gives  it  a  mottled  a|)pearance  wlien 
viewed  through  this  instrument,  and  so  a  special  device  is  neces.sary  hy 
which  the  Sponginess  may  he  transformed  into  an  even  and  uniform 
tint.  This  is  shown  in  Figure  70,  which  is  a  plan  of  the  tintometer 


FIG.  70. — TINTOMETER  FITTED  FOR  USE  WITH  BREAD. 


arranged  for  this  imrpose.  km  is  a  flat  stand,  on  which  the  tinto¬ 
meter,  B,  is  tixed.  At  l  l,  hetween  the  cells  for  standard  glasses,  and  11, 
are  placed  two  lenses  such  as  those  emiiloyiHl  for  spectacles.  At  w  the 
standard  white  comparing  surface  is  arranged,  and  the  slice  of  bread 
under  examination  is  tixed  at  v.  On  looking  through  the  eye-pieces  at 
G,  the  lenses  throw  both  the  white  surfaci',  w,  and  the  bread,  v,  out  of 
focus,  so  that  they  ajipear  as  even  coloured,  structurc'less  surfaces. 

To  use  the  tintometer,  the  standard  white  comparing  surface  must 
first  be  prepared.  Fill  one  of  the  little  trays  sujijilied  with  the  instru¬ 
ment  with  some  specially  prepared  jilasti'r  of  Paris,  also  supplied  :  press 
down  with  a  piece  of  clean  glass  until  a  smooth  uniform  surface  is 
obtained  :  if  for  bread,  fill  the  cavity  in  the  stand  at  w  in  the  same  way. 

When  using  the  first  ai-rangement  of  the  instrument,  stand  it  in  a 
convenient  position  facing  a  window  looking  toward  the  north,  and,  if 
possilile,  so  that  the  light  is  from  a  white,  cloudy  sky,  rather  than  when 
the  sky  is  perfectly  blue.  Tn  this  latter  case  it  is  well  to  jdace  a  piece 
of  white  paper  or  white  opal  glass  between  the  light  and  the  sur¬ 
faces  being  examined.  On  the  one  .side  of  the  field,  f,  place  the  tray 
of  white,  and  the  flour  on  the  other.  On  looking  down  through 
the  tintometer  the  flour  will  look  much  the  darker.  In  the  cell 
over  the  white  surface  put  in  some  of  the  standard  colour  glasses 
already  referred  to — sa}',  for  example,  1 ‘0  Y.  (yellow)  and  O'.oO  P. 
(i-ed).  The  white  light  from  the  prepared  .surface  passes  up  to  the  ex-e^ 
through  these,  and  gives  that  surface  an  ajiparent  yellowish  red  tint. 
Note  whether  tlu^  tint  as  a  whole  is  lighter  or  darki'r  than  the  flour, 
also  whether  too  rc'd  or  too  yellow.  If  too  dark  and  loo  nal,  remov(‘ 
the  red  glass  and  substitute  a  lighter  one,  and  again  compare.  If  too 
light  and  too  red,  add  a  little  more  yellow,  leaving  the  red  undisturbed. 
Veiy  (piickly  it  is  j^ossible  to  get  tlu'  tint  matched  approximately  :  it 
is  in  getting  an  exact  match  that  tlu'  ditliculty  occurs.  It  is  well  to 
try  one  or  two  modilications  of  the  standard  glasses,  and  see  which 
comes  the  nearest.  If  the  (>ye  is  uncm-tain,  it  is  often  an  assistance  to 
jflace  a  dark  glass,  say  .b-Q  Y.,  in  front  of  the  eye-pi('ce,  and  look 
through  the  middle  aperture  at  both  the  flours  ;  tluy  ajipear  much 
dai'ker,  but  minute,  shades  of  colour  are  thus  more  readily  distinguished. 
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Having  got  tlie  tint  whicli  so  closel_y  as  i)Ossil)l(‘  inatclios  tlic>  flouf,  a 
register  should  be  made  of  tlie  numbers  of  the  glasses  composing  it. 

The  bread  foian  of  the  instrument  .should  b('  arranged  horizoTitallv 
on  a  stand,  so  that  it  is  at  a  comfortable  height  for  the  eyes  of  the 
observer  when  sitting,  and  so  that  the  light  comes  from  a  window, 
over  the  shoulder,  as  shown  by  the  arrow,  )%  Figure  70.  (If  necessary, 
the  instrument  may  of  course  be  ai'ranged  for  tiie  light  to  fall  from  the 
right  instearl  t)f  the  left.)  Care  must  lie  taken  that  neither  the  surface, 
w,  nor  that  of  the  bread  has  the  shadow  cast  on  it  of  any  jiart  of  the 
apparatus.  The  use  of  the  .standard  glas.ses  in  measuring  is  the  same 
as  before. 

Tt  is  scarcely  necessaiy  to  say  that  colour  judgments  are  ditlicult, 
and  to  point  out  that  different  persons’  eyes  appreciate  colours  differentlv. 
One  difficulty  with  the  tintometei’  is,  the  comparison  is  being  made 
between  an  opaque  coloured  surface  in  the  case  of  the  flour,  and  a  tint 
imparted  to  a  beam  of  light  in  the  case  of  the  test-suiface — there  is  a 
difference  in  (juality  which  makes  comparison  difficult.  A  desideratum 
is  some  form  of  permanent,  grarluated,  tinted  surface  which  can  be 
compared  with  the  Hour. 

The  great  ^■alue  of  the  tintometer  is  for  from  time  to  time  permanentlv 
measuring  and  checking  the  colour  of  standard  ffour  samples  :  this  is 
well  wortii  any  trouble  taken  in  so  doing.  The  standards  being  thus 
kept  verified,  it  will  be  sufficient  for  ordinary  purposes  to  check  and 
compare  ffoui's  side  by  side  with  the  standards. 

As  some  help  to  the  de.scription  of  colour  readings  by  the  tintometer, 
the  accompanying  Plate,  No.  XIA^.,  has  been  prepared.  The  various 
colours  and  tints  have  been  matched  as  carefully  as  possible,  and  repi'o- 
duced  with  as  much  accuracy  as  attainable  by  ccilour-printiiig  processes. 
It  is  hoped  that  they  will  serve  as  a  general  guides  to  those  not  in 
po.ssession  of  the  instrument ;  but  it  must  be  understood  that  the  colours 
are  only  given  as  appro.ximate  representations  of  the  various  tints,  and 
not  as  absolute  reproduction.s. 

On  the  ujiper  part  of  the  plate  is  given,  first,  a  series  of  e.xamples  of 
the  Yellow  scale  from  0'5  to  2';) ;  that  is,  the  rectangle  of  coloui' 
marked  2-5  would  be  approximately  matched  by  the  2-5  glass  in  the 
tintometer.  Hie  same  hokls  good  with  the  other  numliers  of  the  series. 
There  is  ne.xt  given  a  similar  set  of  examples  from  the  Red  scale.  As 
all  flours  are  practically  intermediate  between  these  tints  of  Yellow  and 
Red,  and  are  matchefl  by  mi.xtures  of  various  jiroportions  of  these,  tin* 
third  column  consists  of  a  mixture  of  Yellow  and  Red,  the  proportion 
being  the  same  throughout  the  series  of  shades.  Tin*  figures  placed 
ofiposite  giv’e  the  tintometer  readings  of  the  actual  coloured  surfaces 
from  which  the  oilginal  copy  was  jirepiared. 

On  the  low(*r  part  of  the  plate  is  given,  first,  a  repri'sentation  of  2'5 
Blue  glass  of  the  scale,  and  then  as  accurate  reproductions  as  possilile 
of  some  selected  exanqiles  of  Hours,  particulars  of  which  follow  : — 

,  ,  Coloiir  a.s  rfiiil  tiy  Tiiitonieter, 

iNo.  1.  Blue  (Tlass  ...  ...  ...  ...  2-5 

„  2.  ^Minneapolis  Bakers’  Flour  ...  ...  peSY. +  1-I  B. 

„  .‘1.  Minneapolis  Bakers’  Flour,  2nd.  sample  1  7  Y.  +  1  Ti  R. 
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Colour  as  read  by  Tintometer. 

No.  4.  lied  Dog  Flour,  Spring  'Wlieat  ...  4'0  Y. -t-443  11. -f  1-2  B. 

,,  5.  Winter  American  Wlieat  Patent  ...  0'45  Y. -hO’2  R. 

,,  G.  English  Patent  from  Blended  Wheats  O-T  Y.  -t-0‘.3  R. 


,,  7.  Hungarian  Patent 

1-05  Y. +0  45  R. 

,,  8.  Spring  American  Wheat  40  pm’ cent.  Patent 

0-90  Y.  -i-O-G  R. 

To  atl’ord  some  guide  to 

the  strength 

and  water-ab.sorbing  power  of 

these  Hours,  the  gluten  and  viscometer  absor))tion 

were  also  detei-mined 

with  the  following  results 

Gluten,  per  cent. 

Viscometer, 

No. 

Wet. 

Dry. 

Quart.s  ])er  Sack. 

0 

43  0 

14-30 

G7-0 

3. 

3G-8 

12-20 

G7-5 

5 . 

2G-3 

8-45 

5G-5 

G. 

33-0 

11-00 

59-5 

7. 

30-0 

9-80 

77-5 

8. 

35-5 

11-83 

G5-0 

574.  Colour  Investigations. — In  obtaining  tlie  readings  made 
in  connexion  with  the  following  researcli,  the  judgment  of  four  persons 
w'as,  in  many  instances,  utilised,  while  every  reading  was  checked  liy  at 
least  two  iiersons,  and  always,  where  the  slightest  doubt  was  felt,  by 
three. 

Among  methods  of  judging  the  colour  of  Hour  the  most  obvious  is 
that  of  testing  the  Hour  itself  in  the  normal  dry  condition.  To  this 
there  is  tlie  objection  that  the  colour  of  dry  Hour  depends  not  merely 
on  the  nature  of  the  wlieat  and  the  Hour  constituents,  but  also  on  the 
comimrative  coarsene.ss  or  Hnene.ss  of  the  particles  of  the  Hour.  Further, 
on  e.\])0sure  to  air  Hour  very  (piickly  lileaches,  although  this  of  cour.se 
does  not  aH’ect  the  validity  of  a  test  made  on  a  sample  taken  from  bulk. 
The  bleaching  of  Hour  is  commonly  ascribed  to  light,  lait  this  s  not 
essential,  for  in  the  following  experiment  the  samjiles  were  kept  during 
the  interval  between  readings  in  a  dark  cupboard.  The  following  three 
dry  .samples  gave  tintometer  riTidings  as  under,  being  simply  pressed 
into  smooth  slabs  and  examined  : — 

Immediate.  After  standing  one  Day. 


Yi*lh)W. 

Red. 

Vellow. 

Uf(t. 

American  Spi-ing  Bakers 

0-27 

0-(i<) 

0-25 

0-04 

1  littt),  another  siimj)le 

0-;’.  1 

0-11 

0-30 

0-09 

American  4\  intei-  Bakers 

0-20 

0-02 

0-11 

0-02 

A  second  and  well-known 

method 

of  t(‘.sting  colour  is  to 

dip  t 

compressed  slabs  into  wati'r,  so  as  to  w(>t  the  surface,  then  allow  the 
same  to  dry  oil',  and  ri'ad  or  compare  the  colours.  The  tint  is  in  this 
instance  darkened  considm-ably  by  action  of  tlu'  air,  coloured  oxidative 
products  being  formed.  In  this  case,  again,  the  degree  of  granulation 
of  the  Hour  affects  the  depth  of  colour  — a  coarse  Hour  absorbs  more 
water,  and  becomes  darker  through  t:iking  longer  to  dry,  whih*  tlu' 
surface  has  more  or  less  “  grain”  as  a  result  of  i-oughiu'ss  of  the  surface 
l)efor(‘  wt'tting. 

A  third  method  consists  of  making  the  Hour  into  dough,  working  it 


PLATE  XIV. 


Mixture  of 

YELLOW.  RED.  YELLOW  &  RED. 


0  n 

n  -M  i;. 


i 


n  f>r;  v 


.  O  V  15. 


•5.  0*70  V  (-o  ;iO 


7.  I  •(►fi  V  ‘  0-45  15. 


S.  (r;M»  V  \  (rjiij  ir. 


Tintometer  Registration  of  Colour  of  Flour. 

S**f*  SjHU'inl  to  thin  l*l($te  on  pofft’a  tiUl  ?, 


1 
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until  perfectly  smooth,  and  then  e.\a7ninin<f  ajul  coinparinff.  One 
objection  to  this  method  is  that  tlie  colour  of  the  douf,di  dai-kens  rapidly 
on  the  outside,  and  hence,  if  an  attempt  he  made  to  read  olf  the  colour, 
or  even  compare  <a  series  of  three  or  more  at  a  time,  a  new  dough  sui'face 
darkens  visibly  while  the  comparison  is  being  made.  To  obviate  this, 
the  pellet  of  dough  may  he  placed  on  a  sheet  of  colourless  glass,  and  the 
colour  of  the  dougli  ohservc'd  through  the  glass — in  this  way  the  colour 
•of  the  dough  proper  is  seen  as  distinct  from  that  of  the  outer  skin.  It 
is  no  uncommon  occurrence  to  take  two  Hours  from  tiie  same  variety  of 
wheat,  the  one  very  tine  and  the  othei’  granular,  and  compare  them 
either  dry  or  wetted  in  compressed  slabs.  The  granular  flour  under 
both  tests  looks  the  darker,  but  oil  woi’king  them  into  dough,  as  just 
described,  the  coarser  Hour  often  produces  the  more  “  bloomy  ”  dough  ; 
bakers  will  at  once  form  their  own  judgment  as  to  which  of  the  two  will 
under  similar  conditions  make  the  best  loaf.  Also,  of  course,  the  outer 
.skin  of  the  same  samples  ma}’  he  compared  and  read  if  necessary. 

Inve.stigation  shows  that  the  colour  of  dough  is  influenced  by  its 
■ilegree  of  stiffness.  Thus,  a  spring  bakers’  flour  was  made  into  dough 
with  different  (juantities  of  water,  and  the  following  readings  taken  at 
the  e.xpiration  of  mie  hour.  At  the  end  of  eighteen  hours,  in  which  the 
doughs  were  kept  in  a  wat(!r-saturated  atmosphere,  the  colour  of  the 
outer  skins  was  also  read  : — 


CoUiur  of  DoukIi. 

Colour  of  Skin. 

Yellow.  Red. 

Flue. 

Yellow. 

Red. 

Blue. 

1. 

Dougliert 

witli  50 

per  cent. 

of  water 

1-50  0-(58 

0-08 

3-55 

2-10 

0-86 

2. 

Douglied 

witli  55 

per  cent. 

of  water 

1-12  0-63 

3-75 

2-10 

0-56 

3. 

Douglied 

with  60 

per  cent,  of  water 

1-19  0-54 

3-15 

1-90 

0-48 

The  colour  both  of  dough  and  skin  is  dark(>r  in  the  tighter  doughs  ; 
also  this  relation  of  colour  holds  good  for  some  time,  for  at  the  end  of 
eighteen  hours  the  order  of  colour  of  the  dough  was  the  same  as  at  the 
end  of  one  hour. 

In  order  to  eliminate  so  far  as  possible  the  differences  due  to  varia¬ 
tions  in  tightness  of  doughs,  the  whole  of  the  Hours  were  in  the  subse- 
'jnent  tests  treated  with  the  quantity  of  water  suHicient  to  make  doughs 
of  uiuform  stiH'nes.s.  Foi-  this  jairpose  (‘ach  Hour  was  tested  by  the 
viscometer  in  the  manner  previously  described.  The  nc'xt  step  was  to 
investigate  the  influence  of  tlie  length  of  time  the  dcni'di  had  stood  on 
the  de])th  of  colour  ;  this,  he  it  reinemhered,  alwa3's  being  read  througli 


colourle.ss  glass.  The 

following 

results  were  obtained  : — 

Winter 

Winter  Spring 

Spring 

'J'ime. 

Aniericiiu 

.\ineriean  American 

.\meriean 

Patent. 

Bakers.  Patent. 

Bakers. 

Y.  It. 

Y.  1!.  Y. 

11. 

Y.  R. 

1  lionr  after  mixing 

0-92  0-29 

1-37  0-91  1-02 

0-64 

1-31  1-10 

2  hours  after  iriixing 

r02  0-36 

1-49  0-97  1-09 

0-64 

1-49  1-00 

3  flours  after  mixing 

1-08  0-40 

1  -50  1  -00  1  -25 

0-75 

1  -52  1  -07 

4  flours  after  mixing 

1-10  0-43 

1-51  1-00  1-20 

0  -65 

1-47  0-97 

22  flours  after  mixing 

1-08  0-58 

1-50  1-02  1-21 

0-75 

l-4(i  1-07 

It  may  fie  well  hen 

to  (‘.xiilain  the  iirticautions  tal 

cen 

111 

ordt'r  to  get 

as  e.xact  readings  as 

lossihle. 

First  of  all,  every  st 

•ries 

of 

tests  to  l)(‘ 

read  wen;  arrangidl  in 

order  of  colour  as  ajiparenf  to 

t  lie  ( 

y*' 

;  then  tlii'y 
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wf're  read  in  succession,  commencin';'  with  tlie  lightest.  After  matcliin:; 
No.  1,  No.  2  was  placed  against  its  (N(j.  I’s)  stamlarfl  tint  glasses  and  seen 
to  he  darker,  then  measured.  In  all  cases  where  there  was  any  apparent 
discrepancy  the  reading  received  a  checking  by  three  j)ersons.  When 
making  time  measurements  the  following  method  was  adoj>teil  : — First 
of  all,  at  the  exjiiration  of  the  time,  the  colour  glasses  of  the  preceding 
reading  were  again  placed  in  the  instrument,  thus  taking,  for  example, 
the  two  houi  s’  reading  on  the  first  flour  just  given,  the  one  hour  glasses, 
Y.  0'D2  ;  II,  0'29  were  inserted,  and  the  dough  compared  with  them. 
It  was  thus  definitely  ascertained  that  a  distinct  darkening  had  occurred; 
its  measurement  then  followed.  Each  reading  was  thus  comjiared  with 
that  preceding  throughout  the  whole  series.  It  will  l)e  observed  that  a 
slight  but  steady  darkening  occurs  throughout  th(>  whole  series,  the 
increasing  red  or  foxy  tint  “sadriening”  the  bloom  of  the  yellow. 
Unless  otherwise  stated,  future  readings  were  made  on  doughs  after 
standing  one  hour. 

The  author  has  recently  adopted  another  method  of  preparing  tin* 
flour  for  examination,  which  is  really  a  moditication  of  the  Pekarised 
slab  method.  The  testing  Pfleiderer  doughing  machine  is  thoroughly 
cleaned  by  making  a  stiff  dough  in  it,  and  thus  removing  anything  that 
would  iTi  jui'e  the  colour.  A  dough  is  made  by  taking  30  grams  of  flour 
and  15  grams  of  water,  and  then  pinning  it  out  into  a  thin  sheet — say 
three-si.xteenths  of  an  inch  thick — on  a  piece  of  glass.  This  is  allowed 
to  dry  off  in  a  dark  place,  and  then  read  just  like  the  Pekar  slab.  It 
has  the  advantage  of  giving  a  smooth  sui'face  with  all  errors  flue  to  the 
“grain”  of  the  Hour  eliminated;  but  has  the  disadvantage  that  the 
degree  of  darkening  depends  somewhat  on  thickness  of  the  sheet. 

The  next  and  final  tf'st  is  that  made  by  baking  the  loaf  and  then 
observing  the  colour  of  tlu'  bread.  It  is  scarcely  necessary  to  point 
out  to  l)akers  th.at  colour  is  intluenced  by  the  kind  of  yeast  used  and 
mode  of  working  ;  but  using  the  same  yeast,  it  was  thought  well  to 
register  the  effect  ju’oduced  by  tin*  nifale  of  fermenting  employed,  and 
especially  the  time  of  fermentation.  A  spring  Amei'ican  bakers’  flour 
was  first  made  into  an  otfdiand  dough  in  the  following  manner  :  — 

10  lbs.  flour, 

5  lbs.  wat(*r  at  F., 

1.^  oz.  compre.s.sed  yeast  (Delft  Pure),  and 
l|  oz.  .salt 

were  taken  and  made  into  dough  at  o  p.u.  Tlu'  dough  was  then 
maintained  at  a  ternperaturf!  of  80 — 82°  P.  during  the  wholt*  time  tff 
the  (‘xpf'i'iment.  At  intervals  a  2  llx  piece  was  taken,  moulded,  and 
baked.  On  the  next  )norning  the  lo.aves  were  cut,  tlu'  coloui'  t'xamined, 
ami  also  th(i  total  acidity,  reckoned  ns  lactic  acid,  deti'rmined.  On  the 
second  day  also  the  colour  was  read,  a  frc'shly-cut  surface  being  used 
for  that  purpose.  'I’lu'  following  table  gives  the  results  obtained.  The 
first  column  gives  tlu'  number  of  hours  after  setting  the  dough  until 
the  loaf  was  j)lac('d  in  the  ox'im  ;  the  fli'st  day’s  colour  rtsidings  follow 
in  the  s('cond  cohimn,  the  lu'xt  day’s  in  tlu'  third,  and  the  acidities  iii 
the  last  :  — 
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M). 

Hours 

TESTS  ON  RAKERS  FLOUR- 

First  I)avs'.s  Colour. 

V.  R  B. 

-OFF-HAND  DOUCni. 

Second  D.ay's  Colour, 

V.  a.  B. 

Acidity 
])er  cent 

1 

4 

2-1 1 

1-41 

0-30 

1-85 

1-25 

OTG 

0-57 

o 

6 

1-75 

1-25 

0T8 

1-91 

MO 

0-2G 

0-G3 

3 

8 

1-75 

1-00 

OTO 

1  -85 

MO 

0-2G 

0-GG 

4 

10 

1-75 

1-20 

0-10 

1-75 

1-30 

0-2G 

0-G9 

5 

12 

1-70 

1-15 

0-05 

1-GG 

1-20 

0-24 

0-73 

G 

134 

1-70 

1-20 

0-30 

D75 

1-40 

0-30 

0-79 

Fermentation  liad  not  jiroceeded  sufficiently  far  to  properly  raise  tin' 
tirst  loaf,  which  was  somewhat  close  and  heavy,  and  also  dark  in 
colour  ;  hut  it  should  he  borne  in  mind  its  texture  could  scarcely 
he  in  fairness  compared  with  that  of  the  other  numbers  of  the  series. 
The  last  showed  signs,  but  only  slight,  of  darkening — due  doubtless  to 
the  commencement  of  those  changes  which  accompany  sourness.  Tlie 
loaves  Xos.  2  to  5  do  not  vary  gnxitly  in  colour,  lait  there  is  a  slight 
diminution  of  the  depth  of  titit.  Taken  as  a  whole,  this  series  darkened 
before  the  second  day. 

In  another  series  of  tests  two  doughs  were  worked  with  a  flour  fer¬ 
ment.  The  one  was  from  a  spring  American  j^atent  flour  ;  the  second 
from  a  bakers’  grade  from  the  same  wheat.  The  following  quantities 
were  in  each  case  employed  : — 

^  lb.  flour  I 

3  oz.  compre.ssed  yeast  Ferment. 

5  lbs.  (2  quarts)  water  at  102°  F.  j 

lbs.  flour  Dough. 

The  ferment  was  allowed  to  work  45  minutes  from  the  time  of  being 
set ;  then  the  dougli  was  made,  and  one  loaf  immediately  taken.  This 
was  allowed  to  prove,  and  at  once  baked.  Loaves  were  taken  at  in¬ 
tervals  as  shown  in  the  following  table,  in  which  is  also  given  the 
colour  and  acidity  both  in  the  first  and  second  day  after  baking.  It 
should  be  added  that  the  first  loaf  was  baked  at  al)out  9.15  p.m. 

TESTS  ON  liAKERS’  FLOUR — FLOUR  FERMENT  AND  DOUOII. 

f  Siiwf  sample  as  used  in  previous  series.) 


Fir.st  Day's  Ci 

)lour. 

.\cidity 

Second  Day'.s  Cidour. 

Acidity 

No. 

Houi's 

V. 

R. 

B. 

jier  ceut. 

V. 

a. 

B. 

jier  ceut. 

1 

Immediate 

1  '80 

IT  5 

0-50 

0-G5 

1-40 

0'9G 

O'OG 

0-59 

a 

2  hours 

1-G5 

1-20 

0-40 

0-73 

1-48 

1-00 

004 

0-71 

3 

4  „ 

l'G5 

1  -30 

0'40 

0-72 

1-42 

1-00 

0-04 

0-90 

4 

G  „ 

1-90 

1-80 

O'GO 

1-05 

I'GO 

MO 

0  05 

M2 

5 

Ti  „ 

2-20 

2-08 

0'75 

117 

1  -GO 

1-45 

0-08 

1-27 

6 

n 

2 '22 

2T5 

0  75 

MO 

1  -05 

1-40 

0-08 

1-31 

REMARKS, 

No.  1.  Very  close  and  lieavy. 

No.  2.  Sweet,  good  loaf. 

No.  3.  Colour  slightly  wor.S(‘,  odour  faulty. 

No.  4.  J)(?cidedly  sour,  I'apid  darkening  in  tolour  comm('nc('d. 
No.  5.  These  changes  intensified. 

No.  G.  These  changes  still  more  marhed. 
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The  colour  here  clistinctl}"  fell  off,  with  increase  of  acidity,  a  distinct 
difference  beinif  observed  even  between  Nos.  2  and  .3.  The  off-hand 
doughs  were,  as  a  series,  whiter  than  those  prepan'd  with  a  ferment, 
but  this  is  probably  due  to  the  e.xcessive  fermentation  in  the  latter 
series,  which  was  intentionally  pushed  to  an  extreme.  Taken  as  a 
whole  these  loaves  were  distinctly  less  coloured  on  the  second  day. 

The  following  are  the  results  of  the  corresponding  series  of  tests  on 
patent  Hour  : — 

TESTS  ON  PATENT  FLOUR. 


No. 

Hour-s. 

First  Day  s  Colour. 

V.  R.  15. 

Acidity 
ner  cent. 

Second  Day's  Colour. 

V.  R.  15. 

Acidity 
per  cent. 

1 

Immediate 

l-do  0-70 

— 

0-29 

1-40 

()'72  — 

U-32 

0 

2  hours 

l-4()  0-62 

— 

()-35 

1  GO 

0-73  O-Oo 

U-37 

3 

d  „ 

l-3()  0-60 

0-50 

1-32 

0-G.o  O-OG 

0-52 

4 

0  „ 

1-75  0-98 

— 

0'G3 

I'GO 

1-01  — 

0-68 

.0 

7^  „ 

1-70  l-OI 

— 

l)-70 

1-40 

0-90  — 

0-73 

H 

OA  „ 

l-7()  1-02 

— 

0-75 

1-48 

0-93  — 

0-82 

No. 

1. 

First  Day. 

Close  and  heavy — Sweet 

REMARKS. 

Second  Day. 

Sweet. 

•  ) 

Bright  and  good  bloom — 

-Sweet 

.  .  . 

Sv'eet. 

4. 

o. 


Both  I 


Gre}^!’,  very  litth'  different — Sweet. 

2  and  3  good  volume  ... 

Smaller,  darker,  slightly  sour 
Smaller,  darker,  sourer 
n.  Very  small,  dark,  very  sour 
Again,  with  an  increase  of  acidity,  there  is 


Incipient  sourness. 

Sour. 

Sour. 

Very  sour, 
also  a  darkening  of 
colour  ;  and  in  the  earlier  numbers  of  the  series  also  a  darkeinng  on  the 
second  day’s  reading  as  compared  with  the  tii'st.  There  is  a  property 
of  bread  colour  to  which  attention  has  already  b<*en  drawn  by  Aber- 
cromby,  vdiich  ])rop(‘rty  I'cjuhu’s  coini)arison  dilHcult  both  to  the  eye 
and  also  the  tintometer.  That  [iroperty  is  “  a  silky  te.xture  in  the 
bread,  which,  by  i'(dlecting  the  light,  giv(!S  an  apjiearance  of  better 
colour.”  To  this  characteristic  the  author  ventures  to  apply  and  ap- 
projiriate  the  term  “  iV/rtvo”  The  dithculty  is  that  a  loaf  looks  more 
“  sheeny  ”  in  one  position  than  another  ;  not  only  ma}'  two  observers, 
the  one  looking  over  the  other’s  shoulder,  get  a  ditl'enmt  impression, 
l)ut  the  sheen  may  be  affected  evcui  by  slightly  turning  or  altering  the 
position  of  tlu;  loaf.  One  reason  why  the  patent  Hour  breads  sutler  in 
colour  oil  the  second  day  is  the  loss  of  brilliance  or  sheen. 

The  table  on  jiage  .o25  giv(*s  the  results  of  examining  a  number  of 
Hours  for  colour  by  the  various  methods  describi'd. 

In  every  case  the  order  of  the  substances  as  the}' appeared  to  sight  is 
given,  as  well  as  the  reading  by  the  tintometer;  betwi'en  these  there 
are  but  few  diserepancii's,  and  these  mostly  occur  in  the  case  of  bread, 
where  the  disturlung  iiiHuence  of  irri'gular  surface  and  scattered  nHlec- 
tion  of  light  acts  most  jiowerfully.  But  even  in  these  the  divergence 
is  not  great.  The  tintometer  reading  is  ]>robably  the  truer  ri'gister  of 
absolute  colour,  the  disturbing  effect  of  side  rellections,  it'C.,  being 
practically  entirely  counteracted.  But  the  juiblic  does  not  vit'w  bread 
through  a  tintometer  as  a  preliminary  to  purchase,  and  hence  a  doul)t 
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arises  as  ti)  wliicli  is  tlie  most  trustworthy  baker’s  reading,  that,  or  tlie 
general  (dieet  on  tlie  eye.  A  point  of  more  importance  is  tlie  relation 
ship  existing  between  the  various  modes  of  judging  colour  of  flour,  and 
the  colour  of  the  resulting  bread.  In  the  series  of  results  ju.st  tabulated, 
the  colour  of  the  dry  Hour  agrees  most  closely  with  that  of  the  baked 
loaves;  while,  contrary  to  expectation,  tliere  is  considerable  discrep¬ 
ancy  lietween  tlie  colour  of  the  dough  and  that  of  the  bread.  It  should 
be  noted  that  if  the  Hours  (which  were  all  American)  be  divided  into 
the  two  classes  of  spring  and  winter,  many  of  the  differences  disappear. 
Although  a  good  many  results  are  here  accumulated,  they  do  not  afford 
sufficient  data  on  which  to  generalise,  but  they  do  show  the  extent  of 
agreement  and  disagreement  between  various  methods  of  testing  Hour 
for  colour  in  conimon  emjjloyment. 

575.  Effect  of  Age  on  Flours.  — The  experiments  set  forth  in 
the  following  table  were  made  in  order  to  determine  the  effect  of  age 
on  American  Hours.  All  the  tests  were  made  at  various  times  on  14-lb. 
samples,  stocked  meantime  in  close  textured  canvas  bags.  The  first 
tests  were  made  on  the  arrival  of  the  Hours  in  this  country  in  October; 
the  second  series  after  the  lapse  of  three  months,  in  January;  and  the 
third  after  the  expiration  of  another  two  months,  in  IMarcli.  The 
colour  on  dry  Hour,  wet  gluten,  and  water  absorption  liy  viscometer 
were  in  each  ca.se  determined  : — - 


\o.  1.  Bakers’  Flour  fn 
,,  2.  Patent  ,, 

.,  3.  Bakers’  ,, 

,,  4.  Patent  ,, 

„  5.  Bakers’  ,, 

,,  6.  Patent  ,, 

„  7.  Bakers’  ,, 

.,  8.  Patent  ,, 

EFFECT  OF  . 


a  Duluth  ’Wheat. 
INIanitoban  Wheat. 
Indiana  Winter  Wheat. 
Ohio  WTnter  Wheat. 

;k  on  flours. 


1 

2 

3 

4 

5 

7 

8 

Colour. 

f  V 

o-jo 

0*21 

0*27 

0*22 

0*20 

0-07 

o'i8 

o'o6  , 

New 

1  I< 

0*07 

0*04 

o'o6 

O'o6 

0-03 

0*02 

0-03 

0’02 

Three  inoiuhs  old 

( 

0*29 

0’22 

0-27 

0*22 

o‘i6 

o'o6 

o*i6 

o'o8  1 

1  1< 

o'07 

0*02 

o'o6 

0*04 

0-03 

0*02 

0*02 

0*01 

Five  months  old 

(  \ 

0'2S 

0*21 

0’26 

0*22 

0'i6 

o'ob 

0*14 

o'o6 

1  K 

o’07 

0*02 

0*04 

0*04 

0-03 

0*02 

0*02 

0*01  1 

Wet  Gluten. 

New 

44 'O 

42*0 

44'5 

39 'O 

37-0 

28-9 

337 

31 '8 

Three  months  oUl 

437 

417 

37-4 

36-2 

30-6 

29*1 

33‘3 

30-2 

Five  months  old 

43'2 

41-2 

357 

35 ‘o 

30-1 

28-9 

327 

30 ’3 

Water  Absorption 
New 

h9’5 

6S'o 

66 'o 

63'5 

59 ’0 

53 'O 

56-0 

57-5 

Three  months  old 

OS'S 

67-0 

67-5 

66-0 

60 ’0 

55-0 

56-0 

55-5 

Five  months  old 

66-0 

62 '0 

66-0 

63-0 

55-0 

51-0 

56-0 

55 ’0 
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With  incivaso  of  ii'^o  ji  slight,  liut  only  ;i  sliglit,  iunount  of  hicacliiiig 
is  ohservod.  1  n- connoxion  with  tliis,  it  will  lx*  of  intoiest  to  note  the 
difference  in  colour  between  a  sample  of  tlour  by  which  jjurchase  was 
made  on  3larlc  Lane,  and  tin*  colour  (jf  bulk  when  deliveri-d  some  weeks 
later.  The  seller  alleged  that  the  difl’ei'ence  in  colour  between  bulk 
sample  and  selling  sample  was  duo  to  bleaching  of  the  latter  in  the 
interval  between  date  of  purchase  and  arrival  of  the  tlour. 


Dry  Flour 
Pekarised  Flour 
Dough,  through  glass 


Colimv  of  Sample. 

0-10  Y.  +  U'Ol  R. 
1-32  Y.  +  0-50  R. 
1TOY.  +  0-60  R. 


Bulk. 

0-32  Y.  +  0  09  R. 
2-20  Y.  +  0-90  R. 
1-50  Y.  +  0-90  R. 


Comparing  the  above  results  with  the  amount  of  bleaching  on 
authentic  samples,  comment  is  unnecessarv. 

3  he  amount  of  gluten  and  also  water-absorbing  power  l)y  viscometer 
show  generally  signs  of  slight  diminution. 


576.  Baking  Tests.  — It  may  seem  at  first  sight  strange,  but  for 
actual  comparative  tests  it  is  a  moot  point  whether  tlie  purely  analytical 
methods  do  not  give  the  most  useful  results  for  genei-al  purposes ;  they 
are  obtained  by  processes  in  which  all  disturbing  influences  are  so  far 
as  possible  eliminated,  whereas  in  baking  tests  the  cpiality  of  the  yeast, 
temperature  of  working,  A:c.,  are  all  disturbing  elements.  As  seen  by 
preceding  results  quoted,  the  colour  and  other  characteristics  of  the 
Liread  are  affected  by  difierences  in  the  mofle  of  performing  l)aking  tests. 
In  baking  tests,  again,  the  individuality  of  the  baker  must  largely  come 
into  2)la\ ,  a.s  he  will  naturally  treat  the  flour  in  the  manner  most  nearly 
comparable  with  his  own  general  mode  of  working.  As  no  two  bakers 
work  e.xactly  alike,  one  .set  of  results  may  not  quite  agree  with  those 
obtained  by  another  baker  working  in  a  somewhat  different  manner, 
and  with  not  altogether  the  same  objects  in  view. 

There  follow  a  number  of  series  of  important  baking  and  other  tests 
made  at  different  time.s,  together  with  a  description'  of  the  mode  of 
working  enq)loyed.  They  are  useful,  not  merely  for  the  data  they 
afford,  but  also  as  illustrations  of  different  experimental  methods. 


577.  M'Dougall’s  Tests,  -in  Chapter  XV,,  paragrai.h  402,  an 

account  of  various  milling  tests  by  M'Dougall  Brothers  is  given  ; ’the 
table  on  page  .028  embodies  the  results  of  Raking  Tests  matfe  by  them 
on  the  Hours  obtained. 

The  quantities  u.sed  were  in  each  case  1  sack  (2S0  lbs.)  of  flour;  30 
lbs.  of  lupiid  jiotato  ferment;  1  lb.  distillers’  yeast  ;  and  34  lbs.  of  .salt 
The  colour,  flavour,  and  texture,  an*  exi)ressed  by  a  .series “of  numbers 
the  highest  quality  })eing  represented  by  the  higlu'st  number.  From 
these  e.xperiments,  MTfougall  Brothers  conclude  that  yield  of  bi'ead 
does  not  maiidy  depend  on  the  .piantity  of  gluten  contained  bv  the  flour 
but  jirincipally  on  its  tlegree  of  dryness.  "  ’ 

A  feature  (.f  these  experiments,  which  has  caused  considerable 
controver.syq  is  the  very  high  position  they  give  to  Indian  wheats, 
l)articularly  as  the  Report  was  i)re})ared  at  the;  laHjuest  of  the  iSecretarv' 
of  State  f(n-  India. 
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BAKING  TKSTS  ON  SINGLE  WHEAT  EIAJURS— M'DOUGALL  BROS. 


1 

Vi  eld 

Percentages. 

Colour,  Taste,  and  Texture. 

WHKAT. 

Water 

UStMl. 

«)f 

liread 

when 

V  0 

0)  0 

rt  . 

D  t- 

•-  S 

0 

3 

~  » 

_ 

cold. 

3  c;  o 

^  3 

3  u 

w  . 

U 

Pound.s 

Pounds 

Indian  (line  soft  white) 

141-4 

364-0 

130-0 

50-5 

10 

I  I 

8 

7 

I  I 

Do. 

149-6 

367-5 

131-2 

53-4 

13 

13 

9 

12 

Indian  (superfine  soft  white) 

141  -6 

372-0 

1.33-0 

50-6 

8 

10 

9 

7 

10 

Do. 

1 48  -0 

362-0 

129-3 

52-3 

12 

13 

10 

9 

I  I 

Indian  (average  hard  white) 

14  I  'O 

370-5 

132-4 

50-8 

6 

7 

10 

7 

7 

Do. 

149-6 

365-0 

130-3 

53-4 

10 

9 

10 

9 

9 

Indian  (average  hard  red)... 

145-2 

376-6 

134-5 

51-8 

5 

7 

10 

7 

6 

Do. 

147 '4 

365-0 

130-3 

52-2 

9 

9 

10 

8 

8 

English 

130-0 

352-0 

125-7 

46-4 

13 

12 

10 

13 

10 

Australian  ... 

1 34 '2 

355-4 

126-9 

48-0 

1 2 

12 

10 

I  2 

I  I 

New' Zealand 

132-0 

349-0 

124-6 

47-1 

12 

12 

9 

12 

10 

Californian... 

136-8 

364-0 

130-0 

48-9 

12 

12 

9 

12 

10 

American  (Winter) 

130-0 

340-0 

123-5 

46-4 

12 

10 

I  2 

1 1 

American  (Spring)... 

130-0 

354-0 

126-4 

46-4 

8 

10 

I  2 

10 

9 

Russian  (.Sa.xonska) 

130-0 

356  -0 

127-1 

46-4 

8 

9 

1  -> 

*  J 

9 

9 

Russian  (Taganrog) 

145 '4 

354-5 

126-6 

51-9 

48-9 

10 

1 1 

12 

9 

9 

Egyptian  (Buhi) 

136-8 

362-5 

129-3 

7 

6 

7 

6 

5 

Egyptian  (Saida)  ... 

144-4 

358-0 

127-7I 

51-6 

6 

4 

6 

4 

4 

578.  Clifiord  Richardson’s  Baking  Tests. — In  1884  Clifford 
Richai'dson  presented  to  the  American  Government  a  report  of  the 
I'esults  of  bakinij;  tests  made  of  .American  Hours.  The  object  of  these 
tests  was  largely  to  investigate  Mdlougall’s  results  on  Hours  from 
American  wheats,  itieliardson  piefaces  his  results  by  stating  that 
“using  Hour  under  various  conditions,  it  was  found  possible  to  vary  the 
yield  of  bread  per  100  lbs.  of  Hour  as  mucli  as  lo  ll)s.  The  conditions 
upon  whicli  this  valuation  depends  are  largiHy  physical,  and  include — 

Percentage  of  watcu-  u.sed  in  the  dough, 

Siz(!  of  the  loaves. 

Temperature  of  tla;  o\'eri, 

Tiiiu'  of  llaking.” 

In  furtlier  illustration  of  tliis  j)oint,  Richardson  gives  a  table  ({'age 
.o21)),  showing  the  e.Kteiit  to  wliicli  tlu'  \ai’iation  in  yi'd  I  is  dej'endent 
on  tlu‘  ])ercentag('  of  water  (othei’  conditions  remaining  the  same),  the 
size  of  tlie  loaves,  diH'ei'enc(‘  of  t(‘m|)(“i'atur(>,  and  on  tlie  time  of  baking. 

Richardson  further  {K'ints  out  that  “a  dough  made  with  any 
American  Hours,  and  as  small  a  {H'l-eimtage  of  water  as  was  u.sed  by 
the  AI ‘I lougalls,  would  be  altogether  too  still'  for  successful  results.” 
Rut  hei'e  cognisance'  must  be  taken  of  the  kind  of  bread  made:  in 
Richai'dson’s  e.xjieriments  a  slack  tin  or  jian  dough  is  throughout  used, 
while  th<'  .M‘l)ougalls  baked  their  breail  into  crusty  ce'ttage  loaves. 
'J'he  diil'erence  is  largt'ly  <lue  to  diH’ei’enct'  in  tlu'  charactc'f  of  the  bi't'ad 
commonlv  made  in  America  and  Rngland  res})ectively.  This  {'oint 
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should  always  l)e  home  in  iniiul  wdien  comparing  rcisults  obtained  by 
observers  in  the  two  countries.  A  further  important  bearing  it  has  is 
tliis — the  tlour,  which  will  take  a  ndatively  high  proportion  of  water 
for  slack  or  tin  dough,  is  not  nece.ssarily  that  which  will  also  take  a 
relatively  high  proportion  when  used  for  crusty  cottage  bread.  Flours 
with  soft,  ductile  glutens  will  often  take  a  very  large  quantity  of  water, 
provided  the  dough  is  supported  in  a  pan  for  baking,  while  they  may 
in  the  stiffer  dough  be  comparatively  unable  to  stand  without  siq^port, 
and  so  make  a  Hat,  runny  loaf. 


\AUIATIOX.S  IN  HRE.VD  YIELD— RICI lARDSON. 


Depemleiit  on 
percentage  of  water 
used  (other  conditions 
being  the  same). 

Dependent  on  size 
of  loaves. 

Dependent 
on  ditference  of 
temperature. 

Dej.endent  on  time 
of  l.aking. 

Per  cent, 
of  water. 

Yield  of 
breail. 

No.  of 
loaves. 

Yield  of 
bread. 

Tem¬ 

perature. 

Yield  of 
bread. 

Time, 

Minutes. 

Yield  of 
bread. 

54-5 

134-5 

I  loaf. 

138-6 

249° 

136-9 

50 

134-6 

58-4 

136-9 

10  rolls. 

129-6 

230“ 

140-8 

30 

140-2 

62*1 

1 

144-9 

62-1 

145-5 

... 

In  all  American  systems  of  flour-testing  which  have  come  under  the 
author’s  personal  notice,  the  baking  tests  are  made  on  tinned  bread. 
This,  doubtless,  gives  the  best  results  for  the  Hour  used  in  America. 
It  is  recommended,  however,  that  American  millers,  who  e.xport  to 
this  country,  should  also  have  their  Hours  tested  by  methods  based  on 
the  production  of  crusty  bread  such  as  is  most  generally  made  in 
England. 

Richardson  made  a  dough  with  the  whole  of  the  water,  allowed  it  to 
rise  till  the  outer  pellicle  was  just  cracking,  then  re-kneaded  it  into 
loaves,  which  were  put  in  tins  or  pans  and  then  baked.  The  table  on 
pages  530  and  531  gives  the  results  of  his  e.xperiments. 

579.  Flours  collected  in  America.  In  1893  the  author 
made  an  extended  tour  through  the  United  States  and  Canada,  collect¬ 
ing  personally  a  number  of  the  best  known  and  highest  (juality  Hours, 
and  subj(‘cting  them  to  commercial  analysis  and  baking  tests.  The 
various  analytic  tests  need  no  further  explanation,  but  it  may  be 
mentioned  that  in  the  Raking  Pests  the  method  (Miqiloyed  was  tin; 
making  of  an  oH-hand  dough  of  tightness  suHicienl.  for  ciaisty  cottage 
loaves.  The  quantities  taken  werci  one  kilogram  of  water  ami  suHi- 
cient  Hour  to  make  a  d(jugh  of  re(juisite  consistency.  The  water 
has  been  calculated  to  quarts  jR-i'  sack  j  other  data  are  also  given. 
.Subjoined  is  a  list  of  the  Hour.s,  togetlier  with  j.articulars  of  tlie  mills, 
1.  ,  variety  of  wlieat,  II.  ;  varieties  of  Hour  and  names  of  l.rands  under 
which  sold  in  the  United  Kingdom,  III. ;  and  character  as  claimed  by 

KK 
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TIIK  SCIKNCIC  AND  AKT  OF  liKKAD-MAKINO. 


tlie  niillei’S,  IV.  The  analytic  and  other  rosult.s  are  tabulated  on  paye 
5:34.  Tlie  various  .samples  are  arranged  in  alphabetical  order  : 

.SPRINCi  FLOUMS. 

Daisji  Roller  Mill  Compnny. 

I.  Lake  Superior  Mills,  Superior,  Wisconsin.  IT.  Selected  grade.s  of  hard  or  Fife 
spring'  wheat  grown  on  the  lines  of  railroad  leading  north-west  from  .Superior  in 
North  Dakota  and  Northern  Minnesota.  III.  Patents  and  Bakers’  (Irades,  milled 
e.specially  for  bakers’  use,  as  distinct  from  flour  for  domestic  use.  Patent  ;  “  Wiskota  ” 
(copyright):  Bakers;  “The  Leader,”  “Regal;”  same  grade.  IV.  (Ireatest  pos¬ 
sible  strength  obtainable  in  flour.  Perfect  granulation  and  freedom  from  impurities. 

Duluth  Imperial  Mill  Company. 

I.  Imperial  IMills,  Duluth,  Head  of  Lake  .Superior,  Minne.sota.  II.  Selected  hard 
wheats  from  Northern  Minnesota.  III.  Patents  and  Bakers,  sold  respectively  under 
the  names  of  Patent  ;  Imperial :  Bakers  ;  Zenith.  TV.  Strtmgest  hard  wheat  flours, 
perfectly  milled  from  pure  wheats. 

Freeman  Milling  Compiany. 

I.  Freeman  Milling  Company’s  Mill.  West  Superior,  Wisconsin.  11.  Hard 
wheats  exclusively,  mostly  bought  direct  in  Northern  Minnesota  and  North  Dakota. 
III.  Patents  and  Bakers  sold  under  following  brands: — Patents;  “.Superlative,"’ 
“  Superior,”  and  “  Best :  ”  Bakers;  “  Whaleback ’’ and  “  Extra.”  IV.  The  millers 
claim  that  their  flour  contains  as  high  a  percentage  of  gluten  as  any  flour  made,  as 
they  do  not  use  any  wheat  except  Northern  Minnesota  and  North  Dakota,  which  are 
naturally  tributary  to  this  market,  and  are  admitted  to  contain  more  gluten  than  any 
other  wheat.  They  aim  in  milling  to  get  the  liighest  percentage  of  gluten  in  the 
flour  that  it  is  possible  to  obtain. 

Ocjilvic  Millinfj  Company. 

I.  Mills  in  Winnipeg,  Manitoba,  .and  Royal  Mills,  Montre.al,  Canada.  II.  Hard 
Fife  Wheat  from  the  great  whe.at-growing  jirovinces  of  Manitoba,  &c.,  in  north-west 
Canada.  III.  Patents  and  Bakers.  Patent  ;  Ogilvie’s  Hungarian  Patent  :  Bakers  ; 
Ogilvie’s  Strong  B.akers.  IV.  Exceedingly  strong  flours,  giving  long  yield,  also 
retaining  water  in  an  exceptionally  high  degree,  and  conseipiently  producing  moist 
bread. 

WINTER  FLOURS. 

Blanton  Milliny  Company. 

I.  Arc.ade  IMills,  located  in  Indianapolis,  the  heart  of  the  winter  whe.at  .section  of 
the  United  States.  11.  The  wheat  used  is  obtained  in  Central  and  Southern  Indiana 
and  Southern  Illinois,  and  is  principally  Long  Berry  Red,  and  similar  varieties.  Tlie 
Long  Berry  Red  is,  as  is  well  known,  the  finest  milling  wheat  raised  in  the  winter 
wheat  section.  III.  Flours  manufactured  for  the  United  Kingdom  are  patent  and 
choice  extras.  Br.ands  are  :- Patents  ;  “  Princess  ”  and  “  Apollo.”  Choice  Extras; 
“  C^ueen  Bess,”  “  Crown  Jewel,”  and  “  Diana.”  IV.  Flour  is  manufactured  from  the 
best  varieties  of  winter  wheat,  with  the  Latest  improved  machinery,  in  the  most 
approved  methods.  The  millers  claim  for  tliem  uniformity,  and  the  best  (qualities  of 
winter  wheat  flours. 

Blish  Millinij  Co)npany. 

1.  .Seymour,  Indiana.  II.  'I'lie  varieties  of  wheat  used  are  a  blend  of  about  0.')  per 
cent,  of  the  long-berried  liard  Red  Mediterr.uiean,  and  flf)  per  cent,  of  the  small 
j.lump  oval-berried  Fultz,  indigenous  to  the  valleys  of  .Southern  Indiana  and  Illinois. 
111.  “  Marguerite,”  or  "  Copyright,”  is  imrely  a  Patent  flour,  being  about  one-third  of 
the  most  perfect  product  of  the  grain.  'I’heir  bakers'  grade.  Beauty,  is  a  Clear,  or  the 
remainder  of  the  flour  jiroduct  of  the  wheat,  with  an  adeipiate  amount  of  the  so- 
called  Red  Dog  low-grade  withdrawn.  Their  straight  grade,  Suece.ss,  is  a  blend  of 
the  two  nnulcs  mentioned,  or,  as  a  nnitter  of  fact,  a  veritable  .Straight  with  low-grade 
withdrawn.  IV.  In  addition  to  the  above,  the  millers  claim  for  their  flours,  not 
absolute  uniformity,  but  as  nearly  that  desirable  end  as  can  well  be  attained.  Their 
output  being  limited  as  to  (piantity,  ;is  compared  with  the  l.-irger  exporting  mills,  they 
art:  enabled  to  draw  their  wheat  supplies  from  a  comiiaritively  suudi  territory,  where 
the  grain  is  of  like  nature  and  grown  and  harvested  under  the  same  conditions.  Tins 
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insures  wheat  supplies  of  uiiifonn  character,  and  leaves  only  the  mechanical  operation 
to  jiroduce  results  at  a  variance  with  the  standards,  and  this  is  not  at  all  likely  to  occur 
with  a  fully  and  perfectly  ecpuiiped  modern  mill,  where  the  operatives  .are  pecuniarily 
interested  in  its  success. 

//.  C.  Coir,  ChatU  r. 

T.  Cole's  Mill,  Chester,  Illinois.  TI.  Use  none  but  best  winter  wheat  grown  in 
Southern  Illinois,  most  of  it  within  twenty-five  miles  of  the  mill  ;  never  have  used 
any  Kansas — hard  or  soft  — nor  spring  wheats.  HI.  I’atent,  branded  II.  C.  Cole’s 
<)meg,a.  Clear  (straight),  branded  H.  C.  Cole’s  U.  K.  F.  (4.  TV.  The  millers  cl.aim 
for  their  flours  uhsolutc  uniformity  of  grade  on  each  crop.  Crops  vary  in  quality, 
but  as  they  are  in  one  of  the  best  winter  wheat  sections  in  .\nierica,  and  crop  is  never 
a  total  failure,  the  crop  is  very  uniform  one  year  with  another.  They  use  only  winter 
wheat  grown  in  their  near  neighbourhood,  have  large  storage  capacity — over  200,000 
bushels— and  carry  large  stock,  which  insures  a  thorough  mixture  and  uniform  (pjality. 

J.  C.  Daniels  (0  Co.,  M iddlrtomi,  Indiana. 

1.  d.  C.  Daniels  and  Co.,  Middletown,  Indiana.  II.  The  wheat  used  i.s  red  winter 
wheat  obtained  from  loc.al  markets  of  Indi.ana.  III.  Brands  are  “  Fancy  Patent” 
and  “(rilt  Fdge.  ’  I\  .  A  winter-wheat  flour  of  uniform  granulation,  good  colour 
and  strength. 

Uco.  T.  Evans,  Indianapolis. 

I.  Hosier  State  Holler  Mills,  located  in  Indianapolis.  II.  Winter  wheat  exclu¬ 
sively  used,  obtained  in  Indiana  and  Eastern  Illinois,  or,  say,  within  100  miles  of 
Indianapolis.  III.  Choice  winter  wheat  flours  are  produced.  Patents  nnder  brands 
of  "  Macbeth  ’  and  “Adonis.”  Extra  Fancy  under  brands  of  “Aurora”  and 
"Alexandra.”  I\  .  'I  he  miller  claims  for  this  flour  that  it  is  made  from  selected, 
well-cleaned,  .sound,  winter  wheat,  carefully  milled,  and  of  uniform  quality.  Patent 
i.s  of  good  colour  and  strength,  making  a  uniformly  white,  well-flavoured  bread. 
Extra  lancy,  somewhat  stronger,  but  not  of  as  good  colour,  but  making  a  good  white, 
well-flavonred  bread. 

I’hc  Isaac  Harter  Millinff  Company. 

I.  1  he  mill  is  locarted  in  Fostoria,  Ohio,  in  the  best  wheat-jiroducing  section  of  the 
State  of  Ohio.  II.  The  (piality  of  wlieat  which  is  used  is  red,  soft,  milling  wheat, 
1' ultz  and  Mediterranean  v.arieties.  The  millers  have  made  it  an  established  rule  to 
"rind  nothing  b>it  the  very  best  quality  of  whe.at  they  .are  .able  to  purchase,  .and  are 
ver}'  jiarticular  on  this  point.  III.  They  manufacture  four  grades  of  flour,  viz.; — 
1  atent,  .Straight,  Clear,  and  Extra.  \\  hen  they  make  Straight  flour  they  take  o\it 
no  I’atent  whatever,  only  Extra.  Their  principal  brands  are  Harter’s  A  No.  1, 
luiperial,  .Snowflake,  Challenge,  True  Blue,  Peerless,  Fancy,  and  (ieneral  Favourite. 
IV.  I  he  properties  of  their  flour,  as  claimed  by  tlie  millers,  are  strength  and  colour 
combined. 

580.  Jago  and  Briant’s  Report.— Mr.  L.  Briant,  F.C.S.,  and 

the  autlior,  were  in  1.^93  reciuested  tt)  report  to  the  N.atioiial  Associa¬ 
tion  (jf  IMaster  Bakers  .and  Confectioners  of  the  United  Ivingdoni  on 
the  (juestion  of  tlie  grading  of  American  flour.  They  prepared  a  Report 
wliicli  was  ])resented  to  the  Asscjciation  in  1S94,  in  which  it  xvas  recom¬ 
mended  thiit  Hour  standards  lie  formulated  of  which  bakers  might  avail 
themselves  in  purchasing  lhaii’,  and  use  them  for  com])aring  tiu'ir  l)ulk 
delivery  with  the  .piality  of  Hour  actually  bought.  Tins  ' Report  has 
been  adopted  by  the  Association,  winch  has  directed  the  author  as  its 
chemi.st  to  prepare  such  .standards  for  the  year  189-1-95.  The  following 
are  among  its  pi-inci2ial  recommendations  : — 

Dt vision  into  Classis. — lor  jiurjioscs  of  grading,  it  is  advised  that  American  flours 
be  divided  into  the  following  three  classes  : — I.  .Spring  wheat  flours,  milled  from 
hard  wheats  gnjwn  princijially  in  the  Dakotas,  Vlinnesota,  and  Manitoba,  Canada. 
II.  \\  inter  wheat  flours,  milled  from  wiieats  of  medium  hardness,  grown  principally 
in  Missouri,  Illinois,  Indiana,  and  Ohio.  111.  Kansas  wheat  flours,  milled  from 
hard  winter  wheats,  grown  principally  in  Kansas. 


RESULTS  OF  ANALYTIC  AND  OTHER  TESTS  ON  AMERICAN  FLOUR  SAMTLES. 
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Ti/picdl  O  'adcs  or  Stajidiirds. — Tn  oacli  class  tlicvo  slionid  be  three  typical  grades 
or  standards  : — No.  1  Stondurd  slundd  consist  entirely  of  the  best  pateiit  Hour  of  the 
grain,  anil  should  not  exceed  in  ijuantity  more  than  about  -10  jier  cent,  of  the  entire 
Hour  jiroduet  of  the  wheat.  The  dressing  of  this  Hour  should,  of  course,  bo  perfect. 
This  standard  should  be  reached  by  all  “  first  patents.”  No.  ;?  Standard  should  be 
a  veritable  straight  grade  Hour,  containing  the  whole  flour  jiroduct  of  the  wlieat, 
except  the  lied  I  )og  low  grade,  whose  proper  jilace  is  the  offal  dejiartment.  'I’hese 
flours  should  be  well  dressed  and  free  from  specks.  This  standard  should  be  at  least 
reached  by  all  so-called  “.second  patents.”  No.  3  Standard  should  consist  of  the 
whole  of  the  remaining  flour,  not  Red  Dog  or  offal,  after  tlie  removal  of  the  -10  jier 
cent,  of  patent  flour  constituting  the  Xo.  1  Standard.  These  flours  should  be  clear 
and  well  dressed.  This  standard  should  be  reached  by  .so-called  “  First  bakers’ 
grades.  ” 

Suggp.stioiis  follow  (in  the  lleiioi’t)  as  to  the  obtaining  of  samples  of 
Hour  from  which  to  formulate  standanls,  and  also  as  to  the  methods  of 
e.xamination  to  be  adopted  ;  these  agree  very  closely  with  those  already 
describi'd.  Various  Hours  were  collected  on  the  London  market,  and 
supplied  to  the  authors  of  this  rejiort  for  examination.  The  following  is 
a  list  of  the  Hours,  together  with  INIark  Lane  prices  at  time  of  collection  : — 


Price. 

No. 

Uesci'iptioii. 

S. 

D. 

1. 

Minneapolis  First  Patent 

24 

0 

•J 

IMinneajiolis  First  Patent 

24 

0 

3. 

Duluth  First  Patent 

24 

0 

-1. 

Kan.sas  First  Patent 

21 

0 

5. 

Minneapolis  Fii  st  Patent 

... 

24 

0 

G. 

IMinneapolis  Second  Patent 

22 

0 

7. 

Duluth  Second  Patent  ... 

21 

6 

8. 

IMinneapolis  First  Lakers 

IG 

6 

9. 

IMiiineapolis  First  Bakers 

IG 

G 

10. 

Duluth  First  Bakers 

... 

IG 

G 

11. 

Kansas  First  Bakers 

17 

0 

12. 

IMinneapolis  Low  Urade 

•  •  • 

15 

0 

Nos. 

1,  8,  and  12 — Nos.  2,  G,  and  9 — Nos.  3,  7, 

and  10— 

-and 

Nos.  4 

and  1 1 

—  are  in  each  case  series  from  the  same 

mill.  T1 

le  results  of 

various  tests  are  given  on  pages  53G — 8. 

As  an  examjHe  of  the  formulation  of  standards  from  these  Hours, 
equal  parts  of  Nos.  1,  2,  and  5  were  mixed  and  used  as  standard  No. 
L,  while  equal  parts  of  Nos.  8  and  9  were  taken  as  No.  HI.  standard. 
These  give  the  following  analytical  results  : — 


Vet  gluten 
Dry 
T  lue 

Water  al)Sorj)tion  by  vi.scometcr 
/  Yellow 
\  Led  ... 


M 


Colon  1-,  Lckari.sed 


No.  I.  Stiiniianl. 

No.  III.  Stiiiulard. 

4(1-8  pel-  cent. 

47 -0  per  cent. 

12-5  „ 

lG-2  „ 

10  9G  „ 

12-88  „ 

G5-.‘’)  rjuarts. 

G5-5  quarts. 

1  -05  „ 

1-75  „ 

0-7G  „ 

1-44  „ 

With  accurately  adjusted  standai-ds  it  is  possible  to  assign  a  value 
to  an  intermediati'  Hour  by  calculations  made  on  the  ri'sults  obt.aiued 
by  testing.  Suj)posing  the  Hour  to  be  a  pure  spidng  wlii'at  Hour,  its 
value  would  be  ascertained  by  locating  it  in  its  pi’oper  intermi'diatc' 
position  betwism  the  standards  selected.  As  an  e.xaiiqile  simply,  th(> 
following  calculation  is  givtm  on  the  rc'sults  of  No.  H  llour  :  (irst,  the 
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price  of 

No.  T.  standard 

is 

24s., 

and  that  of 

No.  Ill.  standard  is 

10s.  Od. 

Intei-m('diat('  standards  by  calculation 

would  have  the  follow 

ing  value 

: — 

s. 

II. 

s. 

n. 

No. 

1  . 

24 

0 

No.  2  2 

.  19 

0 

yy 

1-2  ... 

23 

3 

.  18 

9 

yy 

1-4  . 

22 

0 

„  2-0 

.  18 

0 

yy 

1-0  . 

21 

9 

.  17 

.3 

yy 

1-8  . 

21 

0 

--V" 

.  10 

0 

yy 

2-0  . 

20 

3 

Let  us 

Hrst  determine 

“  Colour 

Price.”  An 

increase  in  n 

d  is  far 

more  (letrimeiitiil  to  a  Hour  than  one  in  yellow.  Proliably  red  may  lx- 
taken  as  three  times  as  injui'ious  as  yellow  ;  then  we  have  on  the 
.standards  the  following’’  as  total  colour  : — 

No.  I.  No.  TTL 

Yellow  ...  ...  I'do  Yellow  ...  ...  Ino 

Red,  0-70x3=  ...  2 '-’S  Red,  1-44x3=  ...  4-32 

Total  colour  ...  3-33  ...  ...  ...  0-o7 

Diflerence  =  6-117  -  3-33  =  2-74. 

2-74  q.c)J4  i  increment  of  colour  for  each  grade  on  above 
10  ~  “  I  price  scale,  or  “  colour  unit.” 

The  coloui-  of  No.  0  tloui-  is  : — 


Yellow,  1-00  =  1-00 

Red,  0-85  x  3  =  2-55 


Total  colour  ...  ...  3-55 

Total  colour,  3-55  -  No.  1  colour,  3-33  =  -22  increment  of  colour. 
0-22  is  apiu-o.ximately  colour  unit  (0-27),  therefore  the  “colour  value  ” 
of  the  Ihjur  is  T2  standard  =  23s.  3d.  piice. 

Taking  ne.xt  the  true  gluten,  and  giving  a  value  to  it,  that  of  No.  I 
standard  is  10-96,  and  of  No.  II.  standard,  12-88  i)er  cent.  Yaking  a 
similar  calcidation  as  with  the  colour,  the  amount  of  each  gluten  unit 
is  0-192,  which  corresponds  to  a  cliH’erence  in  ju'ice  of  9d. 

In  No.  G  Hour  the  ti-uo  gluten  is  11-92. 

1 1  -92  -  10-90  =  0-900,  e.Kcess  of  gluten. 


0-90 

0-192 


=  5-0  units  of  excess  of  gluten. 


Therefoi-e  the  gluten  ])rice  of  the  Hour  is  equal  to  No.  2-0  stamlard,  or 
20s.  3d. 

Taking  the  mean  of  colour  and  gluten  prices. 


Colour  j)rice,  23s.  3d. 
(lluten  ,,  20s.  3d. 


•  21s.  9d. 


mean. 


'I’he  next  consideration  is  the  yield.  This  musl  Ik*  hasc'd  on  the 
greater  or  less  quantity  of  hn-ad  yh'lded  hy  the;  Hour  of  a  (piality 
which  is  measured  h}'  the  mean  eoloui-  and  gluten  pi-ic('.  No.  (i  Hour 
absorbs  by  tlm  viscometer  2  (|uarts=5  pounds  mor(i  water  than  tin* 
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stiiiuliirds,  and  may  approximately  be  estimated  to  yield  1  quartern  (4 
pounds)  more  bread,  or  about  t,V  more  than  the  normal  :  of  21s.  Od. 

is  almost  exactl}'  .3d.,  and  this,  added  to  the  mean  colour  and  gluten 
lirice,  makes  21s.  9d.  -i-3d.  =  22s.  as  the  .standard  price  of  the  Hour. 

Inspection  of  this  method  will  at  once  show  that  while  it  serves  to 
indicate  clo.sely  the  value  of  a  Hour  made  from  sjiring  American  wheat, 
yet  it  would  not  be  trustworthy  in  the  case  of  mixtures  where  weaker 
and  whiter  wheats  were  also  employed.  Everything  else  being  equal, 
a  higher  percentage  of  true  gluten  should  indicate  an  increased  value, 
whereas  we  have  given  the  increments  of  gluten  a  negative  value, 
because  they  thereby  show  more  clearly  the  position  of  the  Hour  on  the 
intermediate  grade  between  the  standards. 

It  will  be  necessary  for  a  full  scheme  of  valuation  to  give  a  jiositive 
value  to  true  gluten  ;  but  for  such  values  to  be  accurately  determined 
a  much  wider  series  of  Hours  must  be  examined,  embracing  those  of 
distinctively  different  characters,  and  including  not  only  strong  glu- 
tenous  Hours,  but  also  weak  starchy  varieties  distinguished  for  ex¬ 
cellence  in  colour. 

581.  Foreign  Flour-Testing  Methods.-  It  is  the  practice  of 
leading  American  millers  to  have  baking  tests  made  daily  on  their 
Hours  by  professional  specialists,  who  report  not  only  on  the  Hour  of 
the  particular  mill,  but  also  include  the  ri'sult  of  tests  on  other  Hours 
made  the  same  day.  Each  individual  mill  knows  the  results  of  its  own 
Hours,  but  is  not  acquainted  with  the  identity  of  any  othei's  of  the 
series.  Subjoined  is  a  copy  of  the  daily  schedule  of  ^Ir.  Charles 
Stoddard,  of  Duluth,  U.S.A.  The  printed  matter  of  the  schedule  is 
given  in  Homan  characters,  wliile  the  written  data  are  (pioted  in  scri]it 
t3’pe.  In  the  part  of  the  tabl(‘ headed  '‘General  Comparative  Baking 
Besults,”  there  were  in  this  particular  copy  reports  on  seven  mills’ 
Hours  :  oidy  one,  however,  is  here  reproduced. 

Yeiy  elaliorate  and  conqilete  arrangements  are  made  for  the  testing 
and  standardising  of  what  is  sold  on  the  Paris  market  as  “Twelve 
Clarks  Flour.”  Fortins  purj)ose  an  association  of  millers  selects  eleven 
mills,  each  of  which  sends  in  a  bag  of  Hour  with  the  object  of  prei)aring 
a  standard.  Another  sample  is  selected  from  an  outside  mill,  but  this 
{So.  12)  must  at  least  eijual  the  tenth  in  order  of  excellence  of  the 
ideven  previously  selected  samples.  These  Hours  are  then  subjected  to 
determinations  of  colour,  gluten,  moisture  (and  at  times,  mineral 
matter);  also  a  baking  test  is  made. 

For  the  gluten  determination  33'33  grams  of  Hour  are  taken,  mixed 
with  17  grams  of  water,  and  tin;  dough  washed  under  a  stream  of 
l  unning  water  and  over  a  sieve,  liy  which  all  particles  are  caught.  The 
resultant  gluten  is  hand-dried  as  thoroughlj'  as  possible,  and  then 
weiglied  ;  tin;  result  multiplied  liy  3  givi's  the  pcu'centage. 

.Moisture  is  detei'inined  ly  drying  5  gi'ams  of  the  Hour  in  an  oil-oven, 
heated  to  105 — 110°  C.  until  it  ceases  to  lose  weight.  Tlie  Hrst 
wei'diing  is  made  after  aliout  two  and  a  half  hours,  and  two  otlier 
weighings  at  intervals  of  a,  (piarter  of  an  hour.  Wlien  desired,  mineral 
matter  is  determined  ly  incineration  at  a  low  red  heat  in  a  inutile 
furnace. 
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COPY  OF  CHARLES  STODDARD’S 

Floup  Inspection  and  Daily  Baking  Report. 

DULUTH,  ////^'  ’6///,  iSg4. 

Fi.oi-K  MADE  v.\  -  DAISY  MILt.  (SLU'ERIOR). 

\Vlien  Made— ////i' iSg^  - 

Grade  -  -  -  -  -  i 

I’AI'KN  1'. 

Bakers.  1 

Remarks  on  Dough  - 

IMiite  and 

Light  and 

elastic. 

elastic. 

No.  Ounces  of  Flour 

i6 

S 

,,  ,,  Water 

,,  Grains  of  Yeast  - 

,,  ,,  .Salt  - 

„  ,,  Sugar 

„  ,,  Lard  - 

Temp.  Water  for  making  .Sponge 

,,  Sponge  Box  - 

^  i  ti 

4h^ 

Time  for  .Sponge  to  rise 

2  hrs.goniin. 

2  hrs.gy  niin: 

,,  Kneading  - 

IS  o 

10  „ 

,,  First  Rising  of  Dough 

I  ,,  JO  ,, 

I  ,,  15  .. 

,,  Second  Rising  - 

/  ,,  JO  ,, 

I  ,,  50  ,, 

,,  Third  Rising  in  Oven  - 

As 

ttsnal. 

Temp.  Oven  when  put  in  - 

?  •) 

,,  ,,  ,,  finished 

?  J 

Time  of  Baking 

Remarks  on  Loaf — Fully  op  to 
the  highest  Standards— ist 
Patent,  ist  Bakers. 

»  > 

GENERAL  REMARKS. 

C//yIS.  STODDARD,  Inspector. 
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For  the  baking  tests  a  plant  of  .32  small  knejidiiig  machines,  with  all 
troughs,  proving  baskets,  and  other  apjiliauces  required  is  provided. 
All  these  an^  mai'ked  with  the  same  number.  In  makiii'r  each  test 
2250  grams  of  Hour  and  1500  grams  of  water  are  taken.  These  an* 
mixed  with  leaven  (for  which  yeast  may  be  substituted),  salt,  and 
allowed  to  stand  for  about  six  hours.  Each  dough  is  then  placed  in 
the  kneading  machine,  worked  foi*  about  twenty  minutes,  and  then 
allowed  to  rise,  moulded,  and  allowed  to  prove  in  flannel  lined  baskets. 
\Vlien  ready,  all  are  baked  at  the  same  time  in  a  large  bakers’  oven. 

From  the  various  tests  a  standard  is  formulated,  and  month  by  month 
an  announcement  is  made  that  “Twelve  Marks  Flour”  for  the  time 
beini*'  shall  contain  a  minimum  of  so  much  (fluten  and  no  more  than  a 
given  percentage,  of  moisturi*.  F'urtlu'r,  in  colour  and  character  of  loaf 
the  flour  shall  be  equal  to  the  standard.  When  a  miller  wishes  to  oH'er 
(lour  as  e(jual  to  standard,  it  is  subjected  to  inspection,  samples  are 
drawn,  tested,  and  if  satisfactory,  the  Hour  is  sealed  by  the  Association 
as  “Twelve  Marks  Flour.” 

582.  Baking  Tests,  Method  adopted  by  Author.— The 

quantity  of  Hour  taken  for  a  baking  test  may  vary  according  to  the 
custom  and  requirements  in  any  particular  district.  Usually,  however, 
it  is  desirable  to  keep  the  quantity  as  low  as  practicable,  so  that  a  test 
may  be  made  on  a  small  sanqde  :  at  the  same  time  the  loaf  should  l>e 
of  a  fair  size,  so  as  to  com])are  as  well  as  possible  with  the  luead  made 
for  commercial  purposes.  The  author  has  recently  adopted  the  fol¬ 
lowing  quantities,  which  lie  Hnds  to  answer  well  for  general  jmrposes. 

Quantities — Flour,  ...  5G0  grams  =  1  9-7 1  oz. 

Water  as  per  Viscometric  Absorption. 

Salt,  ...  G  grams. 

Compressed  Yeast,  10  grams. 

The  metric  system  of  weights  is  adopted  because  of  its  greater 
simplicity  and  tlie  rc'ailiness  with  wliich  exact  weights  can  lie  dt'ter- 
mined.  The,  (piantity,  5G0  grams,  is  2  grams  for  every  Hi.  of  Hour  in 
the  sack,  so  that  one  half  the  weight  of  any  constituent  or  product  is 
without  any  further  calculations  the  weight  in  lbs.  that  would  be  ob 
tallied  ]iro}iortionately  by  treatment  of  the  sack  of  Hour. 

The,  resultant  loaf  of  bread  usually  weighs  from  1.',  lb.  to  1|  lbs.,  and 
although  h*ss  than  the  weight  of  a  2  lb.  loaf,  is  yi't  suHiciently  near  to 
enable  a  comparison  to  be  instituted. 

Hearing  in  mind  that  the  authoi''s  tests  are  generally  made  with  the 
view  of  allording  data  of  .service  to  bakers  in  all  parts  of  the  Ignited 
Kin'fdom,  where  the  pro[)ortions  of  water  used  vary  very  considi'i-ably, 
he,  for  general  ti'sts,  has  adopted  the  plan  of  making  where  possible 
three  separate  bakings  on  each  Houi',  distingukshed  respectively  as  a,  l>, 
c.  For  h  the  quantity  of  water  as  per  vi.scometer  te.st  is  employed.  It 
will  be  i-emembered  that  that  insti’ument  gives  results  in  quarts  jier 
sack  ;  and  as' a  quart  weighs  2^  lbs.,  (he  number  of  quarts  x  5  gives  the 
wei'dit  in  grams  or  volume  in  cubic  centimetres  of  water  that  must  be 
taken  to  the  5G0  gi-ams  of  Hour.  IMr  u,  20  grams  (equivalent  to  t 
i|uai'ts)  less  water  is  taken  than  in  If.  w  hile  in  r,  20  grams  more  water 
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is  added  tliaii  us(h1  in  Ik  Tlie  three  tests,  tlierefore,  l•(‘l)resellt  (|uaiitities 
of  water  witli  ditl'ereiices  of  a  gallon  to  the  sack  ladwaani  each,  and 
cover  all  variations  in  (juantities  for  ordinary  hread-niaking. 

Mode  of  Fermentation. — First  weigh  out  the  tloni',  and  put  it  in  a  pan 
of  sntlicient  size  (for  which  purpose  an  ordinary  white-pudding  basin, 
8  or  9  inches  internal  diameter,  answers  well).  iSiext  take  the  tempera¬ 
ture  of  the  hour,  and  if  anything  below  70°  F.,  carefully  warm  it  until 
that  temperature  is  reached.  A  most  convenient  metlajd  in  the  testing 
laboratory  of  doing  this  is  to  stand  the  Jxisin  containing  the  Hour  in  hot 
water,  and  stir  the  Hour  continually  with  a  spatula  until  sufficiently 
warm.  A  “ferment”  is  next  made  with  the  whole  of  the  water  to  be 
used.  This  water  may  be  either  measured  or  weighed  ;  if  the  former 
course  be  adopted,  the  im-asures  should  be  specially  graduated  to 
deliver  grams  of  water  at  100'’  F.  It  has  been  found  convenient  to 
have  the  ferment,  when  set,  at  90°  F.;  the  initial  temperature  of  the 
water  should  be  so  adjusted  by  experiment  as  to  give  this  temperature 
at  the  Hnish  j  usually  about  10  is  lo.st  in  this  operation,  and  therefore 
the  watei-  may  be  taken  at  100°  F.  Make  a  hole  in  the  middle  of  the 
Hour  (bay),  and  having  the  water  in  a  measure,  break  down  the  pre¬ 
viously  weighed  yeast  into  the  w'ater,  and  pour  the  wdiole  into  the  bay. 
Work  carefully  a  little  of  the  Hour  into  the  litpior,  so  as  to  form  a 
ferment  of  the  consistency  of  a  thin  batter  :  this  ferment,  as  above 
stated,  should  have  a  temperature  of  90°  F.  For  the  fermentation 
there  should,  wdien  pi’acticable,  be  provided  a  proving  cupboard,  so 
ar)'anged  as  to  just  take,  on  a  series  of  shelves,  a  number  of  the.se  basins, 
idl  of  which  must  be  labelled  and  marked.  By  some  convenient  means 
the.  temperature  of  this  cupboard  should  be  maintained  at  about  85°  F.; 
this  may  be  done  either  by  the  injection  of  a  jet  of  steam,  or  the  well- 
knowm  plan  of  a  small  atmospheric  burner  at  the  bottom  of  the  cu]!- 
board,  with  a  ve.ssel  of  water  over  it.  The  temperature  of  this  cupboard 
.should  be  under  control,  and  mu.st  lx;  kept  uniformly  at  the  desired  degree. 

Cover  the  basin  containing  the  ferment  with  a  light  limm  clotlg'^and 
place  it  in  the  proving  cupboard  for  one  hour;  at  the  end  of  that  time 
the  ferment  will  be  “  ready,”  and  should  have  nicely  dropped.  Add  the 
linely-powdered  salt,  and  stir  in  the  Hour  and  salt  into  the  ferment  with 
a  bone  si)atula.  Knead  thoroughly  eitlnu'  by  hand,  or  preb'raldy  in  one 
of  erncr  and  PHeiderer’s  sinall  doughing  machines,  taking  care  that 
no  loss  occurs  dui-ing  the  operation,  and  that  the  dough  is  irnuh'  per¬ 
fectly  smooth.  Beturn  to  the  proving  cupboard,  and' aftei'  one  hour 
well  “knock  down  ”  the  dough:  place  again  in  tin;  cuphoaid  for  half 
an  hour,  and  then  weigh  the  dough  accuintely.  The  bread  may  be 
baked  m  a  tin,  or  for  most  purpose.s,  j)referably,  as  a  ta)ttage  loaf. 
-Mould,  and  allow'  to  stand  for  a  few  minutes  if  necessaiy.  Mouldim^ 
should,  if  possible,  be  done  without  dusting  Hour;  when  any  is  used,  a 
ijuantity  should  be  weighed,  and  that  l•emailnng  after  the  moulding  of 
. '■  weighed,  and  note  made  of  the  ipiatdity  us(‘d.  fl 


. . o" . ii.ji,,;  iiiiuu;  oi  me  ipiamiLy  us(‘(i.  J  his 

should  iKjt  exceed  2  go'ams  per  loaf.  Bake  in  an  ovimi,  the  temperature 
and  behaviour  of  which  is  known,  and,  if  possilHe,  together  witli  loaves 
of  a  familiar  Hour,  so  as  to  be  able  to  judge  the  comparatiw'  tendiuicy 

■  ' .  AVhen  baked,  allow  the  bread  to  stand 


of  the  Houi'  to  take  the  lire. 


r)44 


TIIK  SCIENCK  AND  ART  OF  BREAD-MAKING. 


twelve  hours — say  over  night — and  then  weigh.  Notice  whether  the 
bread  liappens  to  he,  Inirned  at  tlie  liottoin,  and  if  .so  make  a  note,  as  the 
weight  will  thereby  be  affected. 

Note  the  character  of  the  loaf,  compared  with  a  standard  or  known 
.sample;  whether  of  good  volume,  bold  and  well  shaped,  twisted  or  flat; 
also  the  colour  of  the  outer  crust,  and  also  in  the  partings  Vietween  the 
top  and  bottom  of  the  cottage. 

If  wished,  the  volume  of  the  loaf  may  be  determined  by  means  of  a 
cylindrical  measure  sufticiently  Jarge  to  hold  it  completely.  The  loaf 
is  placed  in  this,  and  rape  seed  or  other  small  seed  added  to  till  the 
measure,  the  upper  surface  of  which  is  then  “struck.”  The  quantity  of 
seed  used  is  then  measured,  preferably  in  a  \'essel  graduated  in  cubic 
centimeters  ;  and  also  the  quantity  of  seed  similarly  required  to  till  the 
measure  without  the  loaf.  The  difference  gives  the  volume  of  the  loaf. 

Compare  the  appearance  of  the  three  loaves  side  by  side,  and  decide 
which  represents  the  bread  from  the  best  size  or  stiffness  of  dough. 
Note  also  whether  there  is  a  great  difference  between  each,  as  some 
flours  stand  an  excess  of  water  over  the  normal  far  better  than  others. 

Next  cut  the  loaf  in  the  direction  of  greatest  outline,  and  observe  the 
colour,  texture,  pile,  and  sheen  of  crumb ;  also  moistness,  odour  and 
flavour  of  crumb.  (It  should  be  borne  in  mind  that  the  flavour  of  a 
.small  baking  test  is  not  an  absolute  criterion  of  that  of  bread  regularly 
made  in  full-sized  batches.)  The  colour  may  be  measured  and  registered 
when  thought  desirable  by  means  of  the  tintometer,  modified  by  the 
addition  of  de-focussing  lenses. 

If  it  is  desired  to  keep  a  permanent  record  of  its  size,  the  cut  loaf 
may  lie  jilaced  on  a  sheet  of  paper,  and  marked  round  with  a  pencil. 
This  may  be  done  on  a  leaf  of  a  note  book,  and  the  other  data  placed 
on  the  opposite  page.  (See  Figure  72.) 

The  following  are  given  as  an  example  of  how  baking  tests  may  hi* 
entered  in  the  note-hook,  together  with  deductions  made  therefrom  :  — 

Desci'iiition  of  Flour — lligh-Class  Fhiglish  Patent. 

Water  absorption  by  Viscometer — GO  (juarts  per  sack. 


a. 


b. 


c. 


Flour  in  grams 
Water  ,, 
Yeast  ,, 

Salt  ,, 


5G0 

300 

10 

G 


5G0 

320 

10 


G 


G 


Unfermented  Dough  in  grams 

,,  lbs.  i)er  sack 

5j  n  1 

Fermented  Dough  in  grams 

lbs.  per  sack  . . . 

55  55  1 

Fermented  Dough  calculated  into 
loav(!S  of  4  11).  G  oz.  jier  sack  ... 
Weight  of  P.read,  12  hours  old,  in  grai 
Weight  of  Dread,  12  hours  old,  in  lbs. 
])er  sack 

|joav(“s  of  1  lbs.  each  pei'  sack 
Dolour  by 'rinlometer  Yellow 

—  lied 


87G 

438 

850 

425 


ims  707 


04-5 


97-1 


353-5  3G8-5  380 

88-4  92-1  95-0 

1-35  1-35  1-35 

0-70  0-75  0-75- 
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In  tlie  above  results  the  mode  of  determining  ll)s.  per  sack  is  self- 
evident  :  (juantities  in  grams  are  simply  divided  by  2.  Calculated  loaves 
per  sack  from  dough  are  obtained  from  lbs.  per  .sack  by  reduciim  to 
ounces  and  dividing  by  70  (ounces  =  4  ll)s.  6  oz.).  The  readiest  way  of 
jierforming  this  calculation  is  to  multiply  weight  in  grams  by  8  and 
divide  by  70,  thus :  =  s  j 

827  X  8 

— —  =  94-5  loaves  per  sack. 

Ihe  results  obtained  as  yield  in  bread  by  calculating  at  4  lb.  6  oz.  on 
the  dougli  are  more  trustworthy  than  those  by  direct  weighing  of  the 
bread  itself,  as  single  sample  loaves  will  vary  more  in  weight  from  the 
normal  tlian  does  a  full  batch  calculated  on  the  weiglit  of  dough. 

Results  are  returnetl  by  the  author  on  a  printed  schedule,  of  which  a 
copy  is  apiiended,  page  54G,  on  which  are  entered  the  results  of  examina¬ 
tion  of  an  American  patent  flour. 

With  the  adoption  of  flour  standards,  the  printed  schedule  will 
take  the  form  given  on  page  547.  No  analytic  results  are  quoted  in 
this  copy  of  the  schedule  ;  but  simply  as  an  illustration  of  tlie  method  of 
entering  results,  the  valuation  of  an  imaginary  sample  of  flour  is 
inserted. 


583.  Special  Apparatus  for  Baking  Tests.  — When  baking 
tests  are  being  conducted  on  a  large  scale,  certain  special  appliances 

enable  results  to  be  obtained 
not  only  with  greater  speed, 
but  with  more  exactitude. 

For  water  measuiang  pur¬ 
poses  it  is  very  convenient 
to  employ  a  large  burette 
and  re.servoir  similar  in  char¬ 
acter  to  that  flgured  No.  65 
for  making  viscometric  de¬ 
terminations.  The  burette 
should  have  a  capacity  of 
400  C.C.,  and  should  be  pro¬ 
vided  with  a  large  way  tap. 
The  reservoir  should  l)e  op<*a 
at  the  top,  but  provided 
with  a  cover  ;  a  number  of 
tests  having  to  be  made, 
suflicient  water  should  be 
in  one  (jperation  adjusted  to 
the  right  temperature,  and 
used  for  the  whole  .series  that 


FIG.  71. 


—  CATF.KER  GAS  OVEN 
I.AliOKATORY  USE. 


I’OR 


are  started  off  togetlier. 


Where  it  is  possible  to  bake 
sample  loaves  with  a  batch  of 
ordinaiy  bread,  that  forms  one  of  the  best  modes  of  jjrocedure.  For 
laboratory  work,  however,  a  special  oven  is  usually  neces.sary.  l.<’or  this 
purpose  the  author  has  for  .some  time  used,  and  with  very  satisfactory 

LL 
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ANALYTIC  &  BAKING  TESTS  ON  SAMPLE  OF  FLOUR. 

Received  J'roin  B;/ 

WILLIAM  JAGO,  F.C.S.,  F.I.G. 

^  CUtiiiiRt  to  tht'  Xational  Anaocintion  of  Mauler 
JJakers  and  Con/tcHoners,  tVcJ, 

Cornwall  House.  35,  Queen  Victoria  St., 

.  LONDON,  E.C. ;  and 

32.  CLARENDON  VILLAS,  BRIGHTON,  ENG., 

.  iSq 

DESCRIPTION. — Amei'ican  Patent  Flour. 

ANALYTIC  RESULT:— 

Wet  Gluten,  per  cent.,  43'0.  True  Gluten,  per  cent.,  lo'yo. 

Water  Absorbing  Power,  by  Viscometer,  Quarts  per  Sack,  6j. 
Colour,  by  Lovibond’s  Tintometer  on  Pekarised  Flour,  0'q8  Y.  + 

O' 3 2  R. 


BAKING  TESTS,  QUANTITIES  TAKEN 


*Flour  in  Grams  ... 

a. 

560 

h. 

560 

C. 

560 

Water  ,, 

315 

335 

355 

,,  in  Quarts  per  Sack 

{63) 

m 

{71) 

Yeast  in  Grams  ... 

10 

10 

to 

Salt  „ 

6 

6 

6 

Unfermented  Dough  in  Grams  ... 

8gi 

gif 

93^ 

,,  ,,  lbs.  per  Sack 

445' 5 

455  5 

465-5 

Fermented  Though  in  Grams 

863 

881 

gio 

,,  ,,  lbs.  jter  Sack  ... 

Fermented  Dough  calculated  into  loaves 

4315 

4405 

455 

of  4  lb.  6  oz.  per  Sack,  12  hrs.  old 

9S5 

iuo'6 

104 

Weight  of  Bread  in  Grams 

766 

780 

788 

Bread,  calculated  into  loaves  per  Sack  ... 

95' 7 5 

97'5 

9S-5 

REMARKS 

Dough  —  Worked  well,  quick  s/'ougiug  or  tou 
sauiple  best  cousisteucy. 

Baked  Loaf — Good  volume. 

Crumb — Good  colour,  pile  fair. 

Flavour — Good. 

gh  doughing Jlour 

“  ” 

(Signed) 

■  Xotk. — Weight  in  grams  may  l)e  converted  into  lbs.  pe 

WILLIAM  JAGO. 

■  Sack  l)y  dividing  by  2. 

OuUincs  of  .Sections  throiijjh  ccnlics  of  Loaves  are  traced  on  the  back  of  this  Form, 
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I^ESXJLT  OF 

ANALYTIC  &  BAKING  TESTS  ON  SAMPLE  OF  FLOUR, 

Compared  with  Bakers’  National  Assoeiation  Standards. 


Recciccd  from 

Hy 

WILLIAM  JACO,  F.C.S.,  F.I.C. 

(ChiTHii^t  it!  the  Xafional  AnHociatitin  of  ^f(^8ter 

liakti'}*  (ttid  Cmi/cctionerH,  tic.), 

Cornwall  House,  35.  Queen  Victoria  St.. 

LONDON,  E.C  ;  and 

32,  CLARENDON  VILLAS,  BRIGHTON,  ENG., 

-  _ 

i8g 

ANALYTIC  RESULTS:-  Sample. 

Wet  (Iluten,  per  cent . 

True  Gluten,  jrer  cent . 

\\  ater  Aljsorbiny  Power,  by  Viscometer,  Quarts  per  Sack  . 

♦Colour,  compared  with  Standard . 


BAKING  TEST-QUANTITIES  TAKEN  :- 


STAND- 

AKI). 


Flour  in  Grams 
Water  ,, 

,,  in  Quarts  per  Sack 

Yeast  in  (jrams 

Fait  ,,  . 

Unfermented  Dough  in  Grams 

,,  lbs.  j)er  Sack 
Fermented  Dough  in  Grams 

>>  ,,  lbs.  per  Sack  ... 

Fermented  Dough,  calculated  into  loaves  of  4  1 

6  oz.  per  Sack,  12  hours  old . 

NVeight  of  Bread  in  Grams... 

Bread,  calculated  in  loaves  per  Sack 
♦Bread,  Colour  comj)ared  with  Standard 


a. 

560 

b. 

560 

C. 

560 

560 

( . ) 

10 

6 

( . ) 

10 

6 

( . ) 

10 

6 

10 

6 

ir  compares  as 
w/. 


foll(5ws  : — 

tApproximate  Ihead  ^■ield  and  Volume  of  Loaf,  value 

♦Ap|)roximate  Ckdour,  value . 

Aggregate  value  (2o.s.  -r  3d.  -  is.),  checkeii  by  baking  test’  ... 

RE  M  A  RKS.  —  The  flour  is  sonieivhal  lower  in  eolour  than  No.  /.  .Standard,  hut  this 
IS  partly  coinpcusated  hy  hiyhcr  yield,  giving  an  approximate  .Standard  value  of  rv. 

st.,n'i )  is  tiilieii  a.s  heiii-;  tliat  represented  by  its  mnnber  ;  tliiis,  No  I 

.  tand.iid  ins  a  eolour  nf  1  (i,  and  No.  11.  of  -i'd.  Intermediate  olotirs  are  determined  by  dividing 


20s, 

igs. 

igs. 


Od. 

v/. 


aaim'dn  bUines/ol'l^idnmr''  ""  ■'^‘^‘^^Bary  strength  to 


or  mean  value  is  governed  by  botli  tlie  al)Ove,  but  is  fnrllier  elieckcd  by  a 
judgment  based  on  tlie  general  cliaraeter  of  tlie  Hour  as  revealed  by  baking  Te.sts.  ^  ' 

(Signed)  IT/ /././.-I.]/  f.-lGO, 

r  1  .1-  “‘“y  converted  into  lbs.  per  ,Saek  by  dividing  by  2. 

Ulitlines  of  .Sections  through  centres  of  Loa\  es  are  traced  on  the  back  of  this  Form 
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results,  one  of  Tlioinpson’s  “  Caterer  ”  gas  ovens,  made  and  sold  by  ^NIus- 
grave  15ros.,  of  Leeds.  The  oven  is  fitted  with  a  tiled  sole,  and  a  baking 
chambei’ entirely  shut  oir  from  the  gas  flame  and  products  of  combus¬ 
tion.  As  shown  in  the  front,  immediately  underneath  the  oven  docji-s, 
four  lines  of  gas  burners  enter  l)eneath  the  sole  ;  from  this  hot  air 
chamber  a  series  of  iron  pipes  convey  the  heat  up  around  the  sides  to 
the  crown  of  the  oven  ;  the  whole  of  the  oven  is  lined  on  the  outside 
with  slagwood,  reducing  the  escape  of  gas  to  a  minimum.  Each  line  of 
l)urners  can  be  regulated  separately  ;  those  in  the  middle  give  an  in¬ 
creased  bottom  heat,  while  those  on  the  outside  rai.se  the  heat  of  the 
crown.  For  baking  tests  it  is  well  to  line  the  sides  and  back  of  the 
oven  witli  tiles  to  act  as  upsets,  as  the  bread  is  better  baked  with  top 
and  bottom  heat  onl}-.  The  oven  bakes  veiy  evenly,  is  very  steam- 
tight,  and  clean  and  inexpensive  to  use  :  in  fact,  is  \vell  adapted  all 
round  for  this  jnirpose. 

It  has  alreafly  been  mentioned  that  a  proving  cuplioard  should  be 
provided  for  these  samples  during  fei'inentation.  Not  only  should  this 
be  carefully  regulated  as  to  temperature,  but  it  is  also  well  to  provide 
means  for  keeping  its  atmosphere  saturated  with  moisture,  so  as  to 
prevent  as  far  as  possible  evaporation  from  the  fermenting  samples. 
In  the  following  tests  fermentation  was  conducted  in  a  dry  prover,  and 
undoubtedly  certain  irregularities  are  caused  by  une(|ual  evaporation 
during  fermentation.  Such  a  cupljoanl  should  l)e  fairly  airtight,  and 
either  steam  admitted  at  the  bottom  (.)r  generated  by  means  of  a  vessel 
of  water  h.xed  over  a  small  burner. 

584.  Special  Series  of  Baking  Tests.  -At  the  time  when 

this  new  work  was  projected,  an  appeal  was  made  to  the  leading  mills 
of  Great  Ilritain  and  other  countries  for  sam})les  of  representative 
floui’S  for  purposes  of  analysis  and  baking  tests  for  this  book. 

The  following  is  a  list  arranged  in  alphabetical  order  of  the  firms 
who  have  i-esponded,  together  with  particulars  of  theii'  flours  and  pi'o- 
jrerties  as  claimed  fry  fhe  millers  : — 

liUITIsn  FI.OUKS. 

J/essr«.  Barlow  <t  Sons,  BihUm  Flour  Mill,  Wolvcrliaiupton. 

1.  “  Unicorn  ”  Flour.  High-clas.s  confeutiouens’ ffonr,  suitable  also  fur  Vienna 

bread  and  rolls,  po.ssessing  brilliant  coloin'  arnl  great  strength. 

2.  “  XX  ”  Flour. — High-class  Hour,  with  fine  bloom,  above  aver.age  strength, 

suitable  for  sponging  or  making  be.st  (piality  loaf  by  itself  ;  suitable  also  as 
a  milder  confectioners’  Hour. 

3.  “  Blue  Tie  ”  Flour  , — Sound  Hour,  r.ather  over  average  strength,  having 

Havour  combined  with  fair  colour. 

d/('.vsrs.  t’adije  <(•  Coiuma,  Strain  Flour  Mills,  Frtrrborowjh. 

4.  “  XXX  ”  Flour.-r  atcnt  Hour,  characterised  l)y  high  colour  and  Havour, 

.suitable  for  high-class  bread  and  pastry.  I’repared  largely  from  English 
wheats,  but  with  admi.xture  of  good  foreign. 

5.  “  Superfine  ”  Flour. — Coloury  and  Havoury  straight  grade  Hour,  wheat 

mi.vttire  as  before. 

0.  “  "W^hite’s  ”  Flour. — llakers’  flour,  possessing  good  colour  and  Havour. 

Messrs.  J.  it  J.  Colman,  Varrow  ircuts,  Norwich. 

V.  "Extra”  Flour. — Patent  Hour,  suitable  for  p.astry  and  high-class  bread, 
manufactured  from  J'lnglish,  Indian,  and  high-class  American  wheats. 
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8.  “Household”  Flour. — Strong  bakers’  grade,  line  flavour,  wheat  mixture 

as  per  “  Extra.” 

9.  “Special”  Flour— Ad  apted  for  scaling  and  housekeepers’  pur|Hises.  Pre¬ 

pared  from  nearly  all  English  wheat,  with  a  small  percentage  of  Indian. 

Messrs.  Thomas  Lewis  A-  Co..  Citij  Steam  Mills.  Uamjor. 

10.  “Snowdon  Flake”  Flour.  — Hi  gh-cLass  ))atent  flour. 

11.  “XX”  Patent.  —  Second  patent  flour,  sold  at  3s.  per  s.ack  less  than  Snowdem 

Flake. 

12.  ‘‘Yellow  Tape”  Flour.  — High-class  bakers’  flour,  sold  at  ‘Js.  per  sack 

less  than  XX  P.atent. 

Messrs.  Priihti/.  Mdforel.  <L'  Co..  Cit)/  Flour  Mills.  Gloucester. 

13.  “Extras”  Flour-  Fine  strong  flour  having  plenty  of  colour,  suitable  for 

high-el.ass  bread  and  pastry. 

14.  “Leather  Tie”  Flour. — Prepared  Sj)ecially  for  confectioners’ purposes. 

15.  “Plain  Tie”  Flour  — A  good  sound  strong  flour  for  ordinary  baking  purposes, 

giving  a  high  yield  of  bread. 

Messrs.  J.  J{(  i/nolds  it  Co.,  Albert  Flour  Mills,  Gloucester. 

16.  “New  Process”  Flour.  -  Strong  bread  or  sponging  flour  of  best  ijuality  ; 

made  from  selected  American  and  Kussian  wheats. 

17.  “Extras”  Flour — Mild  bread  or  best  confectionery  flour  of  fine  quality  ; 

made  from  a  blend  of  American,  Plate,  Russian,  and  English  wheats. 

18.  “  Leather  Tie  ”  Flour. — Mild  bread  flour  for  good  quality  bread,  wheats  .as 

per  preceding  flours. 

Messrs.  IP.  If.  A-  /.  Jto'iers,  A  side t/  Mills,  Bedford. 

19.  “Patent”  Flour.-<  food  pastry  and  fancy  Iwead  flour  of  good  colour  and 

rich  flavour  ;  made  from  nnxture  of  good  quality  foreign  and  English  wheats. 

20.  “Extra  Fine”  Flour. —Very  strong  and  good  coloured,  straight  run  of 

flour  for  bread-making. 

21.  “Super’s”  Flour. — Hood  coloured  and  sweet  flavoured  doughing  flour  for 

medium  quality  bre.ad,  specially  suited  for  mixing  jjurposes  by  those  bakers 
who  use  a  fair  proportion  of  stronger  flour  in  sponges.  At  the  same  time 
this  flour  has  a  fair  average  strength  of  its  own. 

Messrs.  S.  M.  Sound//  <(•  Son,  Abbe/)  Mills,  Read  in;/. 

22.  “  Three  Stars  ”  Flour  — Strong  sponging  flour  for  first-class  bread. 

23.  “Yellow  Tie”  Flour.  —  Special  colour  and  flavour  for  bread  or  pastry. 

24.  “Blue  Tie”  Flour.-I  foughing  flour  for  liigh-class  bre.ad. 

25.  “White  Tie”  Flour. -A  household  Irread  flour. 

The  whole  of  these  contain  a  proportion  of  primest  Berkshire  wheats  for 
purposes  of  flavour. 

d/f.s,s;.s-.  John  Urc  A‘  Son,  Regent  Mills,  Glasi/ow. 

26.  “  Regent”  Flour.  Strong  sponging  flour  of  good  colour,  made  from  No.  1 

Northern  Duluth  Wheat. 

27.  “Minnesota  Straight”  Flour  —Strong  sponging  flour  for  medium 

quality  bread,  m.ade  from  Hard  Duluth  Wheat. 

28.  “Golden  Crown”  Flour, — Very  line  doughing  flour  for  high  quality 

bread,  made  from  No.  2  Red  Winter  American  wheat. 

Vale  of  Evesham  Flour  Mills  Co.,  Ltd.,  Evesham. 

29.  “White  Lily”  Flour.  —  High-class  flour,  possitssing  sufticient  strength  to 

admit  of  its  being  us(!d  alone  for  tine  white  bread,  wliere  colour  and  flavour 
are  first  essentials  :  where  greater  strength  is  re(|uired  e.an  be  blended  witli 
sjirlng  .American  patents.  Made  from  one-third  line  wliite  Vale  of  I'lvesham 
wheats,  one-third  line  red  do.,  one-ninth  finest  spring  American,  one-ninth 
finest  Kussian,  one-nintli  No.  1  Plates. 
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30.  “Snowdrift”  Flour. — Makes  a  white,  bloomy,  good  baking  loaf,  with 

flavour  as  a  speci.al  characteristic  :  well  ada])ted  for  toning  down  hard  home 
and  foreign  milled  flours.  Made  from  half  English  local  wheat.s,  and  half 
a  mixture  of  sound  Russian,  spring  and  winter  American,  and  Plate  wheats. 

31.  “  Decorticated  Wheat  Meal.” — A  special  meal  made  from  the  very 

finest  wheats  obtainable,  the  mixture  including  native  strong  red  wheats, 
blended  with  sufticient  finest  Russian  and  No.  1  Hard  Spring  American  to 
give  re(pnsite  strength,  fl'lie  wheat  is  cleaned  and  scoured  in  order  to  re¬ 
move  first  skin,  ground  on  millstones,  and  dressed  from  coarse  particles  of 
bran. 

Messrs.  William  Vernon  <(■  Sons,  The  Atlantic,  Brinisvick  Street,  Liverpool. 

32.  “Millenium”  PJour.--A  coloury  flour  with  excellent  bloom  and  flavoury  : 

suitable  for  the  highest  (piality  bread  ;  made  from  '1  parts  River  Plate,  2 
W.alla  Walla,  1  Australian,  and  1  hard  Manitoba  wheats. 

KOREION. 

Blish  Milling  Co.,  Seymour,  Indiana,  U.S.A.  Repjresented  hy  Messrs.  Mowat  Bros.. 
51/.,  H'f.sf  lloieard  Street,  Glasgov. 

33.  “Copyright”  Flour.  —  Characterised  by  tine  colour  and  sweetness,  much 

used  for  doughing  the  hiijhest  class  bread.  Also,  beautiful  biscuit  flour. 

34.  “Success”  Flour.  —  Characterised  by  strength  and  colour,  used  for  dough¬ 

ing  fine  bread.  Suitable  for  scaling  and  home  baking. 

35.  “Beauty”  Flour. — Strong  and  fair  colour,  specially  adapted  for  making  a 

good  white  common  loaf  of  great  bulk,  nearly  as  strong  as  some  of  the  best 
ilinnesota  brands,  and  has  great  sweetness. 

Lake  of  the  Woods  Alilling  Co.,  Montreal,  Canada,  represented  hy  the  Canadian 
Broducc  and  Consignment  Co.,  IS,  St.  Sieithins  Lane,  London.  E.C. 

36.  “Hungarian”  Patent  Flour.  —  A  patent  flour  from  the  finest  No.  1 

IManitoba  Hard  Wheats. 

37.  “Second.  Patent”  Flour.  —  A  lower  grade  patent  flour  from  the  same 

wheat. 

Clasgow  Agents,  IMessrs.  Bruce  &  Wilson  ;  Bristol  Agents,  Messrs. 
Morgan,  Taylor  &  Co. 

The  Washhwn  Croshy  Co.,  Merchant  Millers,  Minneapolis,  Minn.,  U.S.A. 

38.  First  Patent  Flour.— Hig  best  class  flour  from  Hard  Minnesota  Wheats. 

39.  Second  Patent  Flour. — Prom  same  wheats. 

40.  “Bakers’”  Flour.--P  rom  same  wheats. 

The  millers  claim  that  all  tliese  rank  at  the  very  top  of  similar  grades  for 
strength,  uniformity,  and  clearness. 

The  results  of  the  various  aiiiilytie  and  baking  tests  are  set  out  in  the 
following  tables  (pages  552-7).  In  Figure  72  are  given  tlie  sectional 
outlines  of  a  few  loaves  selected  from  this  series  and  drawn  to  a 
reduced  scale  (compare  page  511).  The  sections  mai'ked  a  contain  lea.st 
water,  another  4  quarts,  and  r  S  (juarts  more  than  a. 

The  following  are  particulars  of  each  loaf  ; — 

Water  taken 
for  t>  Test. 

(plai  ts  jier  Sack. 


No.  1.  Strong  British  iMilh'd  Patent  Flour  ...  l)() 

,,  2.  Minnesota  Straiglit  ...  ...  ...  ...  70 

,,  .4.  Spring  American  Second  Patent  ...  ...  GO  T) 

,,  4.  Nundier  2  AVinter  Wheat  Patent  ...  ...  5G'5 

5.  British  Alilled  Household  llrmid  Flour  ...  5S  0 

G.  Straight-Bun  Ih'itish  Breed  iMaking  Flour  ...  GO'O 

7.  British  Milled  Jlakers’  (!ra<le  Flour  ...  G2-0 

8.  English  Wheat  Flour  ...  ...  ...  5G  0 
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72. — SECTIONAL  OUTLINES  THROUGH  VARIOUS  LOAVES. 
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XOTE.— The  remarks  jhaced  against  tlie  flours  in  tlie  al)ove  tables  are  based  on  ojiinions  formed  as  to  their  merits  compared  witli  those  generally 

possessed  hy  Hours  of  llie  class  to  wliich  tlicy  res])ectivcly  belong. 
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585.  Alternative  Scheme  for  Baking  Tests. — For  tho  con¬ 
venience  of  tliose  who  prefer  to  work  entirely  with  English  weights  the 
following  directions  for  making  a  baking  test  are  given  :  the  (piaiitiU' 
used,  3  lbs.,  jiroduces  from  4  lbs.  to  4i  lbs.  of  bread.  This  may  be 
baked  either  in  tin  or  cottage  loaves. 

First  determine  the  water-absorbing  capacity  of  the  Hour,  either  wdtli 
burette  alone,  or  in  conjunction  with  the  viscometer.  INIake  a  dough 
either  of  full  viscometric  strength,  or  as  much  tighter  as  may  b(^  neces¬ 
sary  to  suit  the  requirements  of  the  district.  This  can  readily  be  done 
by  deciding  once  for  all  on  a  constant  deduction  from  the  water- 
absorbing  capacity  according  to  the  si.xty-seconds’  standard. 

With  7  lbs.  of  Hour,  each  ounce  of  water  used  is  e([uivalent  to  one 
quai’t  per  sack.  For  tests  on  3  lbs.  of  Hour  the  water  in  ounces,  equi¬ 
valent  to  quarts  per  .sack,  i.s  obtained  by  multiplying  l)y  thus  50 
quarts  per  .sack  equal  21 '4  ounces  per  3  lbs.  of  Houi'.  The  following 
table  gives  the  proportionate  ([Uantity  of  water  for  3  lbs  of  Hour,  from 
•50  to  81  quarts  per  sack  :  — 
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Quantities. — Flour  3  Hjs.,  water  as  per  table,  from  strength,  salt  A  oz., 
yeast  i,*  oz.  Weigh  all  ingredients  as  accurately  as  po.ssible. 

First,  weigh  out  the  Hour,  and  jiut  it  in  a  pan  of  suHicient  size  ;  take 
out  about  an  ounce  of  the  Hour  and  put  it  asidt'  in  a  small  cup.  Coun- 
teiq)ois('  a  jug  on  the  l)alance,  and  weigh  out  the  recpiisite  (juantity  of 
water,  warmed  to  a  temperature  of  about  85°  F.  Wcugh  the  salt  and 
rub  it  with  the  hands  into  the  Houi-;  add  the  weighed  ycsist  to  the  water 
and  mi.K  it  thoroughly,  taking  care  to  brisik  down  any  lumps  with  the 
rnmers.  INlake  a  hoh;  in  the  middh'  of  the  Hour,  ami  pour  in  the  yeast 
and  watcM’ ;  stir  it  suHiciently  to  work  enough  of  tin'  fhiur  into  the  water 
to  form  a  thin  spongii :  covau' this  over  by  drawing  up  a  little  of  the 
Hour  from  tho  side.s.  Let  this  stand  for  an  hour  in  a  warm  ])lace, 
cov(‘r(‘d  over  with  tlannel.  Them  kiusul  the  whole'  into  a  dough.  Clean 
all  fra'nnents  of  dough  from  the  hands,  and  rinse  them  in  a  little  of  tlu' 
i-cserved  Hour;  let  the  rinsings  go  into  the  dough.  Let  the  dough 
ferimmt  for  from  3  to  4  hours.  In  the  meantime,  grease  and  weigh  a 
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4-11)  l)i\kiii<f  tin.  Diist  a  {)crfectly  cle;ui  kiioadin^j-boiird  with  a  little 
of  the  reserved  Hour,  and  turn  out  the  dou^li  from  tlie  basin,  cleaninif 
it  as  thoroughl}"  as  possible  with  the  tinifers.  Mould  the  dou,i,di  into  a 
loaf,  usiiiif  up  in  so  doing  tl>e  rcmiainder  of  tlie  I’eserved  Hour.  Transfer 
the  loaf  to  th(‘  tin,  taking  caie  that  as  little  as  possible  is  lost.  Notice 
to  what  e.Ntent  tins  dough  has  become  slacker  during  fermentation,  also 
whether  elastic  or  possessing  very  little  tcmacity.  Let  the  dough  prove, 
in  the  tin  for  about  an  hour,  then  weigh.  Next  bake  for  an  hour,  or 
an  hour  and  ten  minuti's,  according  to  the  heat  of  the  oven.  Kemove 
the  loaf  from  the  tin  and  allow  it  to  cool ;  in  an  hour  weigh  the  loaf. 
Note  the  colour  of  the  crust,  odour  of  the  bread  when  warm,  etc.  Next, 
with  a  sharp  knife,  cut  the  loaf  across  its  highest  part ;  note  the  colour, 
texture,  Havour,  and  degree  of  moisture  of  the  interior.  Keep  for  a 
day  or  two  and  repeat  these  observations. 

If  it  is  desired  to  keep  a  permanent  record  of  the  test,  a  good  plan  is 
to  place  the  cut  loaf  on  a  sheet  of  paper,  and  mark  its  size  round  with 
a  pencil.  A  large  sized  exercise  book,  without  lines,  answers  this  pur¬ 
pose  very  well.  The  other  data  ma}'  be  so  arranged  as  to  come  inside 
the  outline  of  the  lotif. 

Another  convenient  method  of  making  a  baking  test  is  by  taking  a 
(leHnite  (juantity  of  water,  and  adding  Hour  to  the  .same  until  a  dough 
of  the  right  consistenc}^  is  obtained.  The  dough  is  then  weighed  :  the 
weight  of  water,  yeast,  and  salt  used  always  being  a  constant,  that  of 
the  Hour  is  simply  obtained  by  difference  from  the  weight  of  the  dough. 
A  table  is  easily  calculated  giving  ecpiivalent  yields  per  sack  from 
weight  of  dough  in  each  case. 

General  hiterprciatioji  of  Results. — This  it  isho])ed  has  been  rendered 
sufficiently  clear  by  the  explanatory  remai'ks  on  the  different  constituents 
and  pro2)erties  of  llour,  by  which  the  description  of  each  is  accompanied. 
It  must  be  remembered  that  baking  tests  on  small  (luantities  of  Hour 
are  only  to  be  viewed  as  comparative ;  because,  as  in  all  operations 
conducted  on  a  commei'cial  .scale,  the  results  obtained  in  practice  fall 
below  those  yielded  by  direct  tests  on  small  amounts  of  mab'rial.  Con- 
.sequently,  it  must  not  be  assumed,  becau.se  7  lbs.  of  Hour  yield  a  cer¬ 
tain  weight  of  bread  when  baked  with  every  2)recaution  taken  against 
loss,  that  the  sack  of  280  lbs.  will  yield  40  times  that  weight  of  In-ead. 
Still  it  is  well,  from  time  to  time,  to  gauge  the  theoretical  yield  bv  a 
small  test,  as  information  is  thus  obtained  as  to  how  closely  the  2>ractical 
and  theoretical  yields  agree  with  each  other.  Ly  k'ee2)ing  a  closer  watch 
on  this  2>oint,  many  bakers  could  lessen  considei'ably  t'arious  sources  of 
loss  which  now  occur,  and  are  almost  unnoticed.  In  case  it  is  wished 
to  make  the  baking  test  a  means  of  estimating  how  much  tlu^  actual 
working  yield  of  Hours  is,  a  careful  conqiarison  must  Hist  be  madt* 
between  the  results  obtaimal  liy  a  small  baking  test,  and  one  on  a  sack 
of  the  same  Hour.  j)ivide  the  yield  of  bread  from  the  sack  bv  that  from 
the  (jUantity  used  for  small  test  :  tlum  the  c2Uotient  may  lie  usi'd  as  a 
multiplier  in  order  to  convert  the  small  test  yield  into  working  yield 
2jer  .sack.  Thus,  su2)2iose  that  this  (juotient  is,  in  the  case  of  a  7  lb. 
test,  ;59  :  then  whatever  weight  of  liread  is  yi(‘lde<l  by  a  7  lb.  baking 
test,  that  (2uantity  multi2)lied  liy  ;39  gives  the  a2i2'i'oximat(‘  yield  2'er 
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sack,  l^ut  the  figures  thus  obtained  must  not  lie  reliod  on  too  aljsolutely, 
as  disturbing  elements  occur  when  w  orking  on  the  large  scale  M^hich  are 
avoided  wlien  making  experimental  tests.  It  is  on  the  whole  .safer  to 
view  experimental  tests  as  aftbrding  information  on  the  comparative 
merits  of  flours,  rather  than  <as  an  indication  of  absolute  yield  by  the 
Hours  when  baked  in  large  (piantities. 
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CHAPTER  XXII. 


DKTKIOIINATION  OF  MINKHAL  ,VND  FATTY  MATTERS  IN  WHEATS  AND  FLOURS. 

586.  Determination  of  Ash. —To  determino  asli,  weigh  a 
platinum  crucihle  or  small  dish,  and  then  add  five  grams  of  the  Hour 
or  meal ;  place  the  dish  on  a  pipeclay  triangle  resting  on  the  ring  of  a 
retort  or  tripod  stand,  and  burn  the  Hour  by  gently  heating  with  the 
bunsen.  The  volatile  matter  burns  off  readily,  and  leaves  behind  a 
cake  of  ash  mi.xed  with  carbon  ;  the  heat  must  be.  continued  until  the 
carbon  has  disappeared,  leaving  only  the  ash,  which  must  he  white,  or 
of  a  greyish  tint.  The  heat  must  not  be  raised  too  high  ;  the  burning 
oH  of  the  carbon  may  be  facilitated  by  occasionally  stirring  it  with  a 
fine  platinum  wire.  Take  care  that  when  this  is  done  none  of  the  ash 
is  lost  by  being  removed  with  the  wire.  When  the  burning  is  complete 
allow  the  dish  to  cool  in  the  desiccator,  and  weigh. 

The  normal  percentage  of  ash  in  Hour  is  about  0-7.  The  higher 
grades  of  roller-made  Hour  contain  very  low  percentages  of  ash. 

587.  Determination  of  Phosphoric  Acid,  P2O5,  and 
Potash,  K2O,  in  Ash. — When  it  is  desired  to  estimate  both  these 
constituents,  take  ;)0  grams  of  Hour,  and  heat  in  a  platinum  dish  until 
the  whole  of  the  volatile  matter,  and  most  of  the  carbon,  is  burned  oH, 
then  moisten  with  concentrated  hydrochloric  acid  without  removal  from 
the  dish.  Evaporate  to  com})lete  dryness,  Hrst  over  the  water-bath  and 
then  by  gentle  ignition  with  the  bunsen.  This  operation  renders  the 
silica  {)resent  insolul)l»-;  add  warm  dilute  nitric  acid  to  the  ash,  and 
Hlter  from  silica  and  any  unburnt  carbon  :  wash  the  Hltrate  with  the 
warm  acid.  The  solution  thus  obtained  contains  the  phosphoric  acirl, 
together  with  the  iron,  lime,  and  other  bases.  This  solution  must  now 
be  made  up  to  a  definite  volume  in  a  measuring  Hask,  say  250  c.c.  ;  100 
c.c.  may  then  be  taken  for  the  phosphoric  acid  estimation,  and  a  similar 
(juantity  for  the  determination  of  potassium. 

588.  Phosphoric  Acid  Estimation.—  For  the  juirposes  of  this 
estimation  two  special  reagents  are  rec|uired,  known  resj)ectively  as 
“Molybdic  solution”  and  “  INIagnesia  mi.xture.” 

580.  Molybdic  Solution. — Dissolve  loO  grams  of  ammonium 
inobbdate,  Am.^lNIot)^,  in  a  litre  of  water.  I\Iak(^  up  a  litri'  of  nitric 
acid  of  about  1  "20  specific  gravity  ;  this  may  be  obtaimal  sufficiently 
near  by  taking  500  c.c.  of  commercially  pure  acid  of  D-f  sp.  gr.,  and 
adding  thereto  an  ecpial  (piantify  of  water.  Pour  tla^  molybdate  .solu¬ 
tion  into  the  nitric  acid  (the  ndxture  must  not  be  riwersed).  The 
solution  thus  obtained  must  be  k(‘pt  in  the  dark. 

590.  Magnesia  Mixture.  —Dissolve,  110  grams  of  magnesium 
chloride,  IMgCl^,  and  110  grams  of  ammonium  chloride,  AmCI,  in 
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1300  c.o.  of  water;  dilute  this  mixture  down  to  two  litres  witli  the 
stroiit^est  licjuid  aiuiiKjnia. 

591.  Mod©  of  Analysis.  I>y  means  (jf  a  |)i])ette  draw  oil’  100 
c.c.  of  tlie  solution  of  ash  (made  u))  as  before  dii'ected),  and  pour  it  into 
an  eva})orating  basin.  Concentrate  Ijy  evaporation  over  a  wiiter-bath 
until  the  volume  is  reduced  to  about  .30  —  40  c.c.,  ti’ansfer  to  a  beaker, 
carefully  rinsing  the  basin  with  distilled  water  in  small  (juantity.  Add 
to  the  solution  thus  obtained  about  100  c.c.  of  molybdic  solution,  and 
allow  the  mixture  to  stand  for  at  least  thre(!  hours  at  a  temperatui-e  of 
about  .50°  C.  The  top  of  tin*  hot-water  oven  is  a  very  good  place  on 
which  to  put  the  beakers  during  this  time;  the  solution  may,  if  it 
happens  to  be  convenient,  be  allowed  to  stand  a  longer  time — all  night, 
for  instance — without  in  jury.  A  bright  yellow  jirecipitate  forms,  which 
contains  all  the  phosphoric  acid,  together  with  molybdic  acid  ;  but  as 
the  composition  of  the  precipitate*  is  not  constant,  it  caiiTiot  be  weighed 
for  the  jeurpose  of  determining  phosphoiic  acid.  The  bases  remain  in 
the  filtrate.  I’ring  tine  precipitate  on  to  a  small  filter,  and  there  wash 
with  a  solution  of  ammonium  lutrate  until  the  washings  no  longer 
redden  litmus  paper.  Test  the  first  portion  of  the  lilti'ate  by  arlding  a 
drop  of  sodium  phosjehate  solution  to  a  very  small  fjuantity,  and  warm 
gently — a  yellow  precipitate  shows  that  the  molybdate  has  been  added 
in  excess.  Should  there  be  no  pi-ecipitate,  some  nK)i‘e  molybdic  solution 
must  be  added  to  the  main  poi'tion  of  the  .solution,  which  must  then  be 
allowed  to  stand  as  before  in  a  warm  place.  Next  dissolve  the  precipi¬ 
tate  in  the  least  possible  (puintity  of  warm  ammonia  solution  (one  part 
strong  ammonia  to  three  pai’ts  of  water).  Thi.s  operation  is  best 
jierformed  by  pouring  the  warm  animonia  on  to  the  iilter.  When  this 
has  pass(*d  through,  if  any  more  of  the  precipitate  remain  on  the  filter, 
return  the  filtrate  to  the  filt(‘r,  and  repc'at  this  operation  until  the  whole 
of  the  preci})itate  is  dissolved.  While  })ouring  the  filtrate  back  on  the 
filter,  place  another  beaker  in  ord(*r  to  catch  any  drops  of  the  filtrate. 
Wash  out  one  of  tin*  beakers,  and  also  the  filter,  with  the  warm 
ammonia  .solution.  This  solution  contains  tin*  phosphoric  acid  as 
ammonium  phosjdiate  ;  to  it  add  about  10  c.c.  of  magnesia  mixture, 
and  one-third  of  the  total  volunu'  of  sti’ong  ammonia,  .s(‘t  aside  in  the 
cold  for  three  hours,  or  a  longer  timi;  if  wished.  Test  a  small  poi'tion 
of  the  filtrate  for  exet'ss  of  magnesia  mixture  by  adding  a  drop  of 
uodium  phosjihate  solution  ;  in  the  event  of  tlu're  b(*ing  no  precipitate 
formed,  some  more  magnesia  mixture  must  Ije  added  to  the  .solution  in 
order  to  completely  preci}>itate  the  jihosiihoric  acid.  I’iltm-  and  wash 
the  precipitate*  with  dilute  ammonia,  dry,  and  thi'ii  ignite  in  a  weighed 
platinum  crucible,  and  weigh,  llefore  ignition  separati*  the  precipitate 
as  thoroughly  as  {lossible  from  the  }ia]i(*r  ;  burn  the  latter  s(*parat(*ly, 
and  let  the  ash  drop  into  the  cov(*r  of  the  crucible.  4'he  prt'cipitate, 
afU'r  ignition,  consists  of  magiu*.sium  jiyrojihosphate,  .Mg^lMt^.  The 
ma'’nesia  mixture  ]ir(*cipitates  ammonium  magm'sium  phosphate, 
thus  :  -  - 

Am3l’()j  +  .MgClj  =  .Mg'AmPOj  +  lyVinCI. 

Ammiiniiaii  .MuM'ar.siiia  .Miijjiifsiiuii  ..Vmiiiuiiium 

c'liloriile.  iiimiiniiiuiii  clilmiite. 
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On  ijj;nition  tlin  j>ri‘c-i})i(iito  is  dccoinposi'd,  undci'going  tli(' followin'^ 
cliango  :  -  - 

L'MoAinPO,  =  M.i^.I’.O,  +  2NH3  +  }I,0. 

MiiHiiesiinn  Mafiiiesnuii  Aiiiiiioiiia.  Water, 

am  iiK  in  ill  111  iiyioiilmsiihate. 

lihosiihat.  . 

'Idle  reason  for  foinjiletely  detarliin^j;  the  pi'ecipitate  from  the  filter 
paper  is  tliat  tlie  carbon  of  tlie  paper  i-<'duces  tlie  jihosphate  to  plios- 
phid(‘,  tlius  lessenini^  its  weight. 

.Ma,i,niesium  pyropliospliate,  My^dyd-,  contains  anlijalrous  pliosplioiac 
acid,  PoOj,,  coinliined  with  two  niolecides  of  inai^mcsia,  ddie 

molecular  weight  of  the  salt,  compared  with  that  of  the  acid,  is 

-Mg.,  P.,  O-  P.,  O5 

48"+  f.-j  +  112  ^  •_>22.  G2  +  80  =  142. 


As  222  by  weight  of  the  pyrojihosphate  contain  142  b}"  widght  of 
phosphoric  acid,  the  weight  of  the  precipitate,  wdiatever  it  may  be,  must 
be  multi])lied  by  44"=b-G4;  this  gives  the  phosphoric  acid  in  the 
([uantity  taken,  and  when  that  nuantity  has  been  two-fifths  the  total 
solution  from  bO  grams,  the  result,  on  being  multiplied  by  5,  gives  the 
percentage  of  phosphoric  acid. 

592.  Washing  and  Ignition  of  Precipitates. — In  all  quan¬ 
titative  estimations  it  must  be  remembered  that  none  of  the  substance 
being  worked  on  must  be  lost  ;  therefore  when  transferring  a  solution 

or  precipitate  from  one  vessel  to 
another,  rinse  out  all  remaining  traces 
of  the  body.  'Jdius,  with  the  yellow 
precipitate  produced  by  the  molyb¬ 
date,  first  carefully  pour  the  su[ier- 
natant  solution  down  a  glass  rod,  as 
shown  in  Figure  73,  without  disturb¬ 
ing  the  precipitate  Idien  till  the 
beaker  with  the  washing  solution 
and  commence  liltering.  In  order 
to  remove  the  precijiitati'  from  the 
beaker,  a  small  brush  made  of  a 
(piill  is  very  u.seful.  Cut  the  stem 
of  a  quill  across  msir  the  liottom 
of  the  feather  end,  so  as  to  leave 
th(‘  fibres  of  the  feather  jirojecting  be¬ 
yond  the  stum]).  Ne.vt  cut  olfall  th(“ 
feather  e.Nceiit  almut  an  inch  at  the 
bottom  ;  thmi  with  one  cut  of  a  sharji 
scissors  or  knife  cut  the  remaining 
f(sith(‘r  pai't  to  a  width  of  aliout  a 
(piai’tm-  inch.  In  this  way  a  litth) 
biaish  is  made,  which  readily  linds  its  way  round  the  edge  of  tlu*  bottom 
of  the  beaker.  tor  washing  ])urj)0.se.s  iheclnmiist  uses  a  ‘‘  wash-bottle,” 
as  shown  in  Figure*  74. 

lo  make  a  wash-bottle,  tit  a  good  cork  (india-rubb.'r  is  preferabh*)  to 
a  20  or  24-ounce  llask.  Pore  through  it  two  holes,  through  which  jiass 
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jiieces  of  ulass  tul-iiig  ;is  shown  in  the  iiouic  ;  tlio  ends  of  tliese 

tubes  must  1)0  rouncl(,'d  oh  ;  to  tlie  left-Iiand  one  is 
attaclied,  ])y  means  of  india-ruhljer  tul)in,y,  a  fine 
glass  jet.  Tlie  lengtli  of  tlie  tubes  mu.st  be  soar- 
ranged  that  the  direction  of  tliis  jet  can  l)e  con¬ 
trolled  by  the  fondlngei'  of  the  hand  holding  the 
wash-bottle.  To  ol)tain  a  large  stream  of  water, 
])()ur  it  from  the  .shorter  tube  ;  on  blowing  through 
the  shorter  tube  a  tine  stream  of  water  is  projected 
from  the  jet  on  the  end  of  the  other  tube. 

The  preci])itate  is  usually  dried  by  placing  it  to¬ 
gether  with  the  funnel  in  the  oven.  The  operation 
of  transferring  the  precipitate  from  the  paper  to 
the  crucible  rtaniires  great  care.  First  thoroughly 
clean,  and  ignite  thecrucilde  and  cover;  allow  them 
to  cool  in  the  desiccator,  and  weigh.  Crucible  and  cover  must 
always  be  weighed  together.  Whih*  the  crucible  is  cooling  get 
ready  a  sheet  of  glazed  pajter  ;  this  should  be  black  for  light-coloured 
preci})itates,  and  yellosv  for  any  l)lack  precipitates.  Trim  this  jiaper 
with  either  a  sharp  jiair  of  scissors  or  knife,  so  as  to  produce  clean  cut 
edges.  Also  have  in  reidiness  a  piece  of  platinum  wire  about  a  foot  in 
length.  Clean  the  bench  and  spread  out  the  sheet  of  paper,  place  on  it 
the  crucible  and  cover.  Take  the  tilter  jiapei-  out  of  the  funnel,  fold  it 
together  at  the  to]g  ami  very  gently  rub  the  sides  together  so  as  to  de¬ 
tach  the  precipitate.  Hold  the  jiapei’  all  this  while  over  the  glazed 
sheet  ;  next  open  the  lilter  and  j)our  its  loose  contents  into  the  crucible. 
Having  cleaned  the  paper  as  tlioroughly  as  possible,  fold  it  into  a  strip 
about  three-quarters  of  an  inch  wide  ;  then  roll  it  up  into  a  coil,  and 
wind  the  platinum  wire  tightly  round  it.  Hold  the  bunsen  burner  at 
an  angle  of  45  degrees  over  tlie  crucible  cover,  and  lairn  the  paper  to 
an  ash  in  it  :  the  paper  will  readily  leave  the  wire  whmi  bunu'd. 

In  order  to  ignite  crucibles,  they  are  susiiendcHl  in  what  are  calhal 
“  pipeclay  ”  triangles  ;  these  consist  of  ])i(‘ces  of  common  clay  pipe, 
threaded  on  iron  wire,  the  ends  of  which  are  twisted  together.  A 
clean  pipeclay  triangle  is  placed  on  the  ring  of  the  retort  .stand,  and 
then  the  crucible  placed  on  it  :  the  crucible  is  lirst  gently  heated  by  the 
bumsen,  and  then  more  strongly  by  the  foot  blowpipe.  After  ignition 
the  crucible  is  alloweil  to  cool  in  the  (h'siccator,  and  then  weighed.  The 
weight  of  the  precipitate  is  obtained  by  di'ducting  from  the  gross 
wei'dit  that  of  the  crucible  and  the  tilter  ash. 


593.  Weight  of  Filter  Ash.  This  didermination  is  usually  one 
of  the  lirst  mad('  by  tlu'  chemical  stiuhmt  The  best  filters  hitlu'rto 
have  been  those  of  Swcalish  make,  but  now  ci'rlain  (huanan  houses 
supply  lilters  almost  if  not  (piite  as  good.  'Hie  most  convmiimit  sizes 
for  (piantitative  work  are  .'U,  and  41,  inches  diameter.  Several 
packc'ts  should  b('  ordenal  at  a  time,  and  it  should  bi'  stipulated  that 
tluty  shidl  b('  from  the  same  parcel  of  paiier.  'I’o  determine  thi'  weight 
of  the  ash,  t;ike  twenty  tilti'rs,  fold  and  burn  tluuu  one  or  two  at  ii 
time,  allowing  tlu^  tish  to  drop  in  a  weighed  crucible  ;  ignite  until  a 
perfecti}'  whiti'  ash  renuun.s,  ;uid  again  weigh.  One-twentieth  of  the 
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wein'lit  is  taken  as  tliat  of  tlu'  ash  of  a  single  lllter.  Proviiied  tlie 
various  sized  tilters  are  of  tlie  same  paper,  tlie  ash  of  one  size  may  he 
e.dculated  from  that  of  another.  Tlie  ai'oas  of  eireles  are  as  the  sciuares 
of  their  diameters,  couscipiently  tlu*  ash  of  a  fourdneli  ])aper  would 
weiyh  four  times  as  much  as  that  of  a  two-inch  pap(>r  ;  othm-  diameti'rs 
<-ould  he  calculated  in  the  same  maniu'r.  The  weight  of  ash  of  tiltor 
]iapers  of  the  hettm-  (piality  is  now  usually  declared  on  the  package. 

594.  Potash  Estimatiori. — To  a  second  portion  of  100  c.c.  of  the 
solution  already  prepared,  add  ammonia  and  pure  ammonium  oxalate 
in  slight  excess  ;  filter  oil'  the  precijiitated  iron  and  lime  compounds. 
Kvainuate  the  tiltrate  to  dryness,  and  ignite  gently  in  order  to  exjiel 
.ammonium  salts.  Dissolve  the  residue  in  a  small  (piantityof  hot  water, 
filter  if  necessary,  add  hydrochloric  acid  in  slight  excess,  and  evaiiorate. 
to  dryness.  Dissolve  the  residue  in  a  very  small  cpiantity  of  water, 
add  some  platinum  chloride  solution  and  a  drop  of  hydrochloric  acid,  and 
<‘va)iorate  to  a  sirupy  consistency.  If  the  solution  lose  its  (jrange  tint 
iluring  evaporation,  more  of  the  platinum  chloride  solution  must  he 
added.  Treat  the  moist  residue  with  strong  alcohol,  of  a  strength  of 
at  least  80  jier  cent ,  filter  off  the  precipitate  on  a  small  counterpoised 
<>r  weighed  tilter  ;  wash  with  alcohol  until  the  w'ashings  are  colourless. 
Diy  at  100°  C.  and  weigh.  The  precipitate  consists  of  KjPtCl,.  :  487 ‘7 
I'arts  by  weight  of  this  body  are  equivalent  to  94  parts  of  K^O  (potas¬ 
sium  o.xide). 

595.  Counterpoised  and  Weighed  Filters.  -When  working 

on  precipitates  that  are  decomposed  hy  a  red  heat,  it  liecomes  necessary 
To  adopt  some  method  other  than  ignition  in  a  crucible  before  weighing, 
it  is  usual  under  these  circumstances  to  either  weigh  or  counterpoise 
th(i  filter  beforehand.  If  the  filter  is  to  be  weighed,  prejiare  first  of  all 
a  test-tube  shaped  stoppered  weighing  bottle  (these  can  be  procured  of 
the  apparatus  dealer).  Dry  this  in  the  hot- water  oven,  cool  and  weigh. 
Fold  the  filter,  insert  it  in  tlie  bottle,  and  dry  in  the  hot-water  oven 
until  the  weight  is  constant.  The  best  plan  is  to  set  the  filter  drying 
■over  night ;  the  bottle  must,  of  cour.se,  be  open  while  in  the  oven  ;  in 
the  morning  stopper  it,  allow  it  to  cool  in  the  desiccator  and  weigh, 
lleturn  t(j  the  oven  for  an  hour,  and  then  again  weigh  :  the  two  weights 
should  agree  within  a  milligram  ;  if  not,  the  diying  must  be  continued 
until  they  do.  The  washed  tilter  and  precipitate^  must  first  be  drietl  in 
the  oven  in  the  oi'dinary  manner,  then  transferred  to  the  weighing 
liottle,  and  treattal  exactly  as  was  tlu'  original  filter.  The  weight  of 
filter  and  jirecipitate,  less  that  of  the  filter,  gives  the  wTught  of  ]ireci[)i- 
tate.  Wheri^  the  greatest  possible  accurac}'  is  required  this  method  is 
to  be  jireferred. 

Put  when  sjieed  is  an  object,  a  counteriioised  tilter  may  be  u.sed. 
Take  two  Swedish  filters,  and  trim  one  of  the  jiair  until  tluy  exactly 
counterpoise  each  other  when  tested  on  the  analytic  balance.  In  this 
case  they  are  sim])ly  to  be  weighed  direct  on  flu'  ])ans.  Place  the  one 
of  the  papers,  folded  but  unojieiu'd,  on  one  sid(‘  of  the  funnel,  and  then 
put  in  the  other,  ojiened  in  flu'  usual  way.  Filti'r  and  wash,  then  dry 
both  filters,  and  when  weighing,  again  usc^  tlu^  empty  paper  as  a 
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couiitc'rpoisp,  it  on  tlie  weiirlit  si(l(‘  of  tlie  l)ul;uice.  In  this 

inetlioil  of  woikiiiif,  tlie  ii,ssitmj)tioii  is  tliat  the  two  pajicrs  hoiiiif  of  tlu' 
same  weiijjlit  to  start  with,  and  taken  from  the  same  lot  of  filters,  will 
contain  tin'  same  weight  of  moisture.  Fui'thei’,  that  as  they  ai’P  sub¬ 
jected  to  th(^  same  treatment,  they  will  also  counterp<us('  each  otlier  at 
the  iinal  weighinif.  The  use  of  counterpoised  filters  ettects  a  great  savings 
of  time,  and  yields  results  of  sutlicient  accuracy  for  most  technical 
jmrposes. 

596.  Determination  of  Fat.  The  fat  of  im-al  and  Hour  is 
estimated  by  treatment  with  either  ether  or  rectified  light  jietroleum 
spirit.  Either  of  these  reagents,  esp(‘cially  if  warm,  dissolves  fat  with 
rtaidiness,  while  none  of  the  other  constituents  of  wheat  are  soluble  in 
thes(!  compounds.  In  order  to  effect  the  estimation,  a  weighed  (|uantity 
of  the  sample  is  first  dried  in  the  hot-water  oven,  and  then  treated  with 
repeated  (juantities  of  (dher  oi'  jjeti'oleum  s]iirit  until  a  small  (juantity 
of  the  reagent  heaves  no  greasy  stain  on  being  evaporated  on  a  piece  of 
white  filter  jtaper.  If  ether  be  used,  that  known  as  “  methylated  "  may 
be  employed.  Rectitied  light  petroleum  spirit,  distilling  entirely  below 
80°  C.,  and  leaving  no  weighable  residue,  can  be  jntrchased  from  dealers 
in  chemicals  for  analysis.  J?oth  ether  and  jietroleum  sjiirit  are  extremely 
volatile  and  inilammable  ;  both  give  f)ff  at  ordinary  temperatures  an 
intlammable  and  explosive  vaptour.  The  greatest  care  must  therefore 
be  observed  in  working  with  th('se  substances. 

597.  Soxhlett’s  Extraction  Apparatus.  -As  ether  and  petro¬ 
leum  spirit  are  so  volatile  and  intlammable,  special  forms  of  fat  extrac¬ 
tion  apparatus  havt*  been  deviseal  foi‘  this  estimation.  Their  object  is 
to  keep  the  li(]uids  out  of  contact  with  the  air  of  the  room,  and  also  to^ 
make  a  small  (piantity  of  the  reagent  sulhca;  by  rejieatedly  doing  duty. 
Among  the  most  effective  of  these  ap])aratus  is  that  devised  by  Soxhiett. 
and  illustrated  in  Figure  75,  in  which  the  completf'  apj'aratus  is  shown 
in  section. 

Directions  will  first  be  given  for  the  fitting  u})  of  tlu'  apparatus,  ami 
then  its  use  and  the  princi])lcs  involved  tlunvin  will  b(‘  des(  ril)ed.  Tin* 
apparatus  proper,  known  familiarly  as  a  “  Soxhiett,”  is  that  portion  ti  r  : 
this  is  to  b(‘  procui'ed  from  the  apparatus  (h'aler.  Fit  the  lower  end  by 
means  of  a  well-fitting  cork  into  a  good  bohemian  flask,  //,  prefei’ably 
one  with  a  rounded  bottom,  and  about  four  or  six  ounces  capacif\'.  Tn 
the  to])  of  the  Soxhiett.  a,  lit  another  coi'k.  and  thi'ough  it  bore  a  holt' 
foi'  the  tube  of  a  Liebig's  condenscu-, y /■.  d’lu'  body  of  this  condenser 
should  be  from  IS  inches  to  '2  feet  in  length  ;  the  inm'r  tula*  must  haw* 
an  internal  diauK'U'rof  half  an  inch,  and  must  not  be  constrict('d  at  tiu' 
end  these  dii'ections  are  of  considerable  im}iort;ince.  I’it  a  coi-k  and 
bent  leading  tube  to  I'dt  up  a  four  ounc(‘  flask,  ;//,  with  a  coi  k 
through  which  j)asses  a  leading  tula^  and  two-bulbtal  thistle  funnt'l.  /. 
Four  suHicient  mercuiy  in  this  funnel  1o  just  fill  tin'  spac(‘  betw(>en  the- 
two  bulbs.  Instead  of  this  flask  and  funnel,  ;// /,  a  small  U-tulK',  about 

inch  diameter,  and  with  limbs  5  inches  long,  may  be  emi>loyed.  I’y 
m(“ans  of  a  piec('  of  glass  tubing  bent  to  shaiu*,  this  U-tub(>  may  bi'- 
corked  dii'cct  to  the  top  of  tlu'  condenser,  /■,  and  then  suHicient  mercury 


.■MINKKAI.  AM)  KATTV  MATTKIiS  IN  WIIKATS  AM)  Fl.oriiS. 


ivcldt'd  to  just  cover  tlio  bend.  The  wliole  !H)}>iii'atu.s  is  tlieii  K(‘lf-eoii- 
tained,  which  is  a  decid('d  advantage.  itii  a  condens(‘r  of  ani]ile 
lengtli  tliis  iiierciiry  arrangement  may  la*  (‘iitirely  disjaaised  with,  and 
tlie  top  of  tlie  condenser  tube  simply  covcu'cd  witli  a  test-tube  or  small 
beaker.  A  small  water  bath,  o,  is  also  re(pured. 

Jtry  lU  or  :2()  grams  of  the  nu'al  or 
Hour  for  one  or  two  hours  in  the  hot- 
water  oven,  taking  as  much  as  can 
conveniently  be  placeil  in  the  ap))aratus. 
Take  a  square  piece  of  Swedish  filter 
pap(‘r,  big  enough  to  fold  up  into  a 
littk'  c3diiKlrical  case,  i i>.  Fold  this 
so  that  no  li(]uid  can  escape  through 
the  case  except  through  the  pores  of 
the  pa])er,  even  when  full.  This 
specially  folded  tilter  is  easilj^  pre 
pared  by  taking  the  end  of  a  luler,  or 
other  Hat-ended  cylinder,  placing  the 
end  in  the  middle  of  the  paper,  then 
doubling  it  across  the  diagonals,  and 
folding  the  corners  round  the  ruler. 
Tr;insfer  the  meal  to  the  tilter,  and 
drop  this  into  the  Soxhlett. 

For  Hours,  instead  of  this  folded 
tilter,  it  is  convenient  to  use  a  small 
glass  percolator ;  this  is  easily  made 
bj’  taking  a  piece  of  glass  tubing 
of  such  a  size  as  to  drop  easih^  into 
the  Soxhlett,  and  cutting  it  to  about 
the  same  length  as  the  case,  t />.  A 
pi)  ce  of  tiltei'  paper  is  then  tied  secure!}' 
to  the  lower  end.  Ether  percolates  through  Hours  with  extn'ine  slow¬ 
ness  ;  and  consecjuently,  when  a  ])aper  case  is  used,  much  of  the  ether 
simply  finds  its  way  through  the  sides  of  the  case,  without  penetrating 
the  interim'  of  the  mass  of  tlour.  Attach  the  Soxhlett  to  the  flask,  ?i, 
and  place  it  on  the  bath.  Next  see  that  all  lights  are  extinguished  within 
10  or  12  feet  (jf  the  a{)paratu.s.  Ifring  the  ether  or  })etro!eum  sj)ii'it  from 
an  outer  store-room,  and  pour  it  in  the  Soxhlett  through  a  funnel  until 
the  level  of  the  liquid  I'i.ses  to  it  will  then  syplion  over  into  the 
Hask,  >1.  Next  pour  in  about  an  ounce  moi-e  of  the  liquid,  and  at  once, 
before  doing  anything  else,  carry  the  ('ther  (jr  spirit  back  to  the  store¬ 
room.  Next  attach  the  condensiu', y /(’,  and  ])ush  in  the  corks  as  tightly 
as  possible.  Sup])ort  the  a})paratus  by  me;ins  of  a  retort  stand,  /  y  r, 
and  ring.  If  using  the  flask,  ;//,  place  it  on  a  shelf  conveinently  near, 
and  connect  the  leading  tube  at  k  to  that  of  the  flask  by  means  of  a. 
j)iece  of  india-rubber  tubing.  Connect  tin*  lower  end  t)f  the  condensei' 
to  a  water  tap  by  means  of  india-rubber  tubing,  atid  arrange  anotlu'r 
piece  to  tlie  u])per  end  to  take  the  wasti'  watei'  to  the  drain.  I’ring  a 
water  supply  to  tlu;  bath,  and  also  fix  an  india  rubl)er  tube  leading  to 
the  drain.  Arrange  a  bunsen  underiu'ath  the  bath.  Ilefore  going 
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fui'tlier,  onc('  nioro  oxiiiiiiiie  cacli  cork  and  joint,  to  see  tliat  all  are  air- 
ti^dit.  Turn  on  a  stream  of  water  through  the  condenser.  N(!xt  light 
the  bunsen,  and  keep  it  going  with  a  gentle  llame.  The  ether  will  soon 
boil ;  when  it  does  so,  arrange  the  tiaine  so  as  to  kee})  it  boiling  steadily, 
but  not  too  violently.  The  ether  vaj)our  a.scends  through  d e,  ami 
drives  the  air  before  it  up  through  the  condenser,  and  out  of  the  flask, 
m,  through  the  mercury  in  the  funnel,  /.  As  soon  as  tlu'  ether  \apour 
i-eaches  the  condcmser,  it  is  condensed,  and  runs  back  in  a  small  stream, 
drojuiing  into  the  filter,  i b.  The  complete  condensation  is  furthered  by 
tin;  use  of  the  mercury  funnel,  which  offers  a  slight  I’esistance,  and 
thus  prevents  the  escape  of  ether  while  still  allowing  a  passage  for  air. 
As  the  condensed  ether  drops,  the  body  of  the  >Soxhlett  tills  u})  to  the 
level  of  ;;>■;  the  etluu-  then  returns  to  the  flask  by  means  of  the  syphon, 
/.g  !'•  It  carries  back  with  it  tlu'  fat  it  has  dissolved  out  of  the  meal  ; 
as  the  ether  continues  boiling  in  u,  pure  ether  is  continuously  distilled 
over,  the  fat  remaining  in  the  flask.  ]>y  this  treatment  one  ijuantity 
of  ether  can  be  made  to  act  on  the  same  meal  an  indefinite*  number  of 
times.  If  all  tlu*  joints  ai-e  in  good  condition,  no  odour  of  ether  will  be 
ol)served  during  the  whole  of  the  time  the  apparatus  is  in  work.  The 
apparatus  may  be  allowed  to  remain  in  action  for  an  hour  or  more, 
'i'urn  out  the  bunsen  und(*i'neath  the  bath,  and  also  all  other  lights  in 
the  vicinity.  Take  the  appai’atus  to  [)ieces,  cork  up  the  lower  flask  ; 
test  a  dro])  of  the  ether  remaining  in  the  Soxhlett,  in  older  to  see  if  it 
contains  any  fat,  113*  allowing  it  to  fall  on  a  piece  of  white  filter  jiaper, 
when  it  should  jiroduce  no  stain. 

The  ether  solution  reiiuires  next  to  be  evajuirated  to  dryness  and  the 
fat  weighed. 

598.  Treatment  of  Ethereal  Solution,  dlaving  obtained  an 
ethereal  or  petroleum  spirit  solution,  containing  all  the  fat  in  the  sample 
being  analysed,  filter  if  not  perfectly  clear.  It  will  be  next  necessaiw 
to  rlrivc  off  the  solvent,  and  thus  procure  the  fat  in  a  suitable  state  for 
weighing.  Take,  for  the  purpose  of  (‘vaporation,  one  of  the  coimter- 
poi.sed  glass  dishes,  and  tare  it  in  the  balance,  making  a  note  of  its 
weight  against  the  counterjioise.  It  must  here  again  be  nu'ntioned  that 
ether  vajiour  is  not  only  inflammable,  but  also  highly  explosive  when 
mixed  with  air.  In  default  of  special  apparatus  for  the  j)urpose,  heat 
the  water-bath  to  boiling,  and  then  take  it  into  a  room  in  which  there 
are  no  lights.  Tartly  till  the  dish  with  the  ('ther  solution,  place*  it  in 
the  bath,  and  allow  it  to  evafioivite  spontaneously,  refill  from  time  to 
time  from  the*  flask,  and  tinally  rinse  the  flask  with  a  little  pun*  ether, 
pouring  the  idnsings  into  tlu*  dish.  If  necessary,  heat  some  more*  water 
an.l  replace  that  in  the  biith  as  it  be-comes  cool.  A  lien  nmst  of  the 
seilve'iit,  whether  ether  en*  pe*troleum  spirit,  has  been  thus  elriven  off, 
|)lac(*  the;  elish  in  the  ove*n,  heat  feir  twei  or  thre*e  hours,  anel  then  weigh 
until  constant.  A’ell  v(*ntilate,*  the*  retemi  be'feire*  an}'  lights  are*  breiught 
in.  I>3'  this  me'tlieiel  thee  wheile*  eif  the  elhe*r  usi*el  is  lost  ;  but  by  the* 
use  eif  the  feillowing  elevice,  a  cemsieli'iable*  epiantity  may  be  .saveel  : — 
Take*  a  [)ie*ce  eif  gla.ss  epiill  fubing,  abeait  four  or  five  fee-t  long;  arrange* 
this,  by  m<*ans  eif  inelia  rubber  ceii'ks,  threiugh  another  pie'ce*  of  glass 
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tailing  about  tliiw  tVet  in  longtli  and  an  inoli  dianiotiu',  so  as  to  serve 
as  a  jacket.  Itend  the  two  ends  of  the  inner  tul)e  downwards,  so  that 
the  one  may  he  attached  l)y  a  cork  to  tlie  ether  llask,  and  tlie  otlier 
lead  into  a  receivin'.  Fill  the  jacket  with  cold  water  and  cork  u]). 
Attach  the  flask,  containing;  the  ethereal  solution  to  this  condenser, 
and  distil  olf  the  ether  by  placin';  the  flask  on  thi)  hot-water  bath, 
holding-  it  all  the  time;  in  two  or  three  minutes  the  ether  will  have 
lioiled  oir,  and  may  be  collected  in  the  receiver.  For  these  small 
quantities  of  (‘ther  the  jacket  will  contain  sutlicient  watei'  to  effect  tin* 
condeiusation.  The  concentrated  fatty  solution  may  ne.xt  be  ])Oured 
from  the  flask  into  the  dish,  and  then  the  llask  rinsed  out  with  suc¬ 
cessive  very  small  (piantities  of  ether. 
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CHAPTEll  XXIII. 

SOLUULE  EXTRACT,  ACIDITY,  AM)  PKOTEIDS. 

599.  SolublG  Extract. — Tlie  proportion  of  a  meal  or  flour  soliilile 
in  cold  water  is  of  importance  in  jud,<;im^  of  tlie  character  of  a  samph*. 
This  soluhle  portion  is  termed  the  “solulile  e.xtract,”  or  “cold  aipieous 
e.xtract,”  and  consists  of  the  soluhle  proteids,  sugars  (maltf).se  and 
sucrose),  gum  (de.xtrin),  soluhle  starch,  and  soluhle  inorganic  con¬ 
stituents  of  the  grain,  princi})ally  potassium  plu)sphate.  The  solution 
made  for  the  ])urpose  of  this  estimation  is  also  available  for  the  deter¬ 
mination  of  the  acidity  and  soluhle  proteids.  On  the  addition  of 
even  cold  water  to  a  flour  or  meal,  chemical  action  immediatidy  com¬ 
mences,  the  soluhle  starch  l)eing  dissolved  out  of  any  abraded  or 
ruptured  starch  granules.  As  a  consequence,  the  soluhle  extract  varies 
with  the  time  the  solution  is  allowed  to  stand  in  contact  with  tht»  flour 
or  meal ;  ;ihsolute  unifoi’inity  must  therefore  h(*  adopted  in  the  method 
employed  for  making  this  soluhle  extract.  The  following  is  the  method 
employed  in  tlu*  wi-iter's  laboratory  ; — Weigh  out  '2')  grams  of  the  Hour, 
and  transfer  to  a  clean  dry  flask  of  from  oOO  -700  c.c.  capacity,  adtl 
■J.oO  c.c.  of  distilh'd  water,  cork  the  flask  with  a  clean  cork,  and  shake  uj> 
vigorously  for  five  minuh's  by  the  clock.  One  or  two  minutes’  shaking 
is  sufficient  to  break  up  any  little  halls  of  flour,  hut  in  order  to  ensure 
])erfect  solution  the  longer  time  is  recommended.  Next,  let  the  flask 
stand  for  2o  minutes,  making  half  an-hour  fi'om  tlu'  time  of  commence¬ 
ment.  In  the  mi'antime  arrange  a  10-inch  French  filter  })aper,  in 
funnel  fivi'  inclu's  in  diameter,  both  being  (juite  dry,  and  place  a  clean 
dry  beaker  or  flask  to  receive  the  filtrate.  .\t  the  end  of  the  half-hour 
most  of  the  insoluhh*  portion  of  the  flour  will  have  subsided  ;  rmnove 
the  cork  and  carefully  decant  as  much  as  possible  of  tlu'  supernatant 
liquid  on  to  the  filter  without  disturbing  the  sediuumt.  The  filtrate  will 
at  first  be  cloudy  ;  return  it  to  the  filter  until  (juite  clear,  then  collect 
foi'  analysis.  Hv  working  in  this  way’,  theix)  being  jauctically  none  of 
th('  solid  matter  of  the  flour  on  th(‘  filtc'r,  any  sub.siMjuent  changes  in 
the  w(‘t  Hour  do  not  affect  tlie  results.  As  tiu'  sjii'ed  of  filtering  varies 
with  dilferimt  filti'r  j)ai)(‘rs,  it  was  often  found,  when  both  flour  and 
water  wi're  jdaci'd  on  flu'  Hlter  togidher,  that  u  higher  I'xtract  was 
yielded  by  the  same  Hour,  simjHy  as  a  result  of  a  slower  lilti'ring  ])aj)er ;. 
tluM’e  is  a  furtlu'r  disadvantage  in  that,  whim  any  of  the  .solid  matft'r 
of  the  Hour  wiis  allowisl  to  g('t  on  flu'  llltm',  it  grt'atly  im])eded  the 
I'ajiidity  of  filtering.  Twenty-live  c.c.  of  this  ch'ar  filtrate  must  lu'xt  be* 
evajiorated  to  drviu'ss  in  order  to  asemdain  the  amount  of  matter  it 
holds  in  solution.  'Phe  glass  dishes  that  wi're  usetl  for  flu*  moisturi's 
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:u-e  also  well  adapted  for  this  purpose,  llaviiie;  tarcd  a  clean  dish 
ai;ain.st  its  counterpoise,  and  not(Hl  any  dilhu'cnce  iii  weijfht,  pour  t!o  c.c. 
of  the  filtrate  intt)  th(>  dish,  and  evaporate*  to  dryiu'ss  ovei*  tlu*  water 
hath. 

600.  Water-Bath.-  This  consists  of  a  vessel,  usually  of  copper, 
about.  4  inches  deep,  and  of  other  dinu-nsions.  varying  with  the  nuniher 
of  dishes  for  which  it  is  made*.  In  case  of  a  hath  specially  preiiai'ed  for 
llour  e.xtracts  and  similar  work,  om*  to  hold  I  '2  dishes  is  a  convenient 
size  ;  its  actual  dimensions  would  then  he  I'J  in.  x  15  in.  x  4  in.  The* 
top  contains  a  series  of  holes  about  'J]  ins.  diameter,  one  for  each  dish  ; 
to  each  of  these  is  fitted  a  cover.  A  water  supply  apparatus,  similar  to 
that  used  with  the  hot-water  oven,  is  attaclied  to  the  side  of  the  hath. 
It  is  very  convenient  to  have  a  series  of  tlan,<j;efl  glass  rings  to  drop  into 
these  holes,  on  which  th(>  dishes  are  jdaceil  ;  they  are  thus  jirevented 
from  coming  in  actual  contact  with  the  metal.  These  lings  are  similar 
in  shape  to  the  top  of  a  heaker,  and  are  about  an  inch  deep  ;  in  fact, 
the  tops  of  l)roken  l)eaker.s  are  often  cut  off  and  utilised  for  this  pur¬ 
pose.  They  must  he  of  such  a  diameter  that  they  just  tit  in  tin*,  holes 
of  the  hath,  being  .su])ported  Ijy  their  tlanges.  The  reason  for  their  use 
is  that  the  outsides  of  the  dishes  are  liable  to  pick  up  foreign  matter 
from  the  metal  of  the  hath,  and  so  have  their  weight  increa.sed.  When 
the  dishes  are  allowed  to  come  in  contact  with  the  metal  of  the  l)ath, 
they  must  be  carefully  wij)eil  clean  before  being  dried.  In  use,  the  hot- 
water  bath  should  have  its  feed  apparatus  so  regulated  as  to  maintain 
the  water  in  the  bath  at  a  depth  of  about  half  an  inch  ;  the  water  must 
he  kept  boiling  at  a  moderate  rate  by  means  of  a  bunsen  l)urn(*i’.  The 
evaj (oration  of  the  fluid  in  the  dishes  then  proceeds  by  the  action  of  the* 
steam. 

601.  Soluble  Extract,  continued. — On  the  contents  of  the 
dish  having  evaporated  to  dryness,  place  it  in  the  hot-water  oven  for 
■_'l  hours,  and  then  weigh.  In  (jrdei*  to  calculate  the  p('rc(‘ntage  of 
.soluble  e.xtract,  it  must  be  remembered  that  by  adding  250  c.c.  of  water 
to  25  grams  of  Hour  a  10  per  cent.  Hltered  solution  has  been  ]u-e})ared. 
It  follows  that  25  c.c.  of  tlie  .solution  contains  the  soluble  extract  of  2-5 
grams  of  floui*  ;  the  weight  must  then'fore  be  multipli(‘d  by  40  in  order 
to  give  th((  ])(U'centage.  It  ought  to  be  mentioned  that  in  strictness 
this  is  not  (luite  correct,  as  no  allowance  is  made  for  the  moistuix*  of 
flu*  Hour,  so  that,  as  25  grams  of  Hour  contain  about  2  grams  of  wat('i', 
we  nsilly  have  more  nearly  25.‘?  c.c.  than  250  of  wat(‘i'  ]ires(‘nt.  As, 
howevei’,  the  results  ai'(!  only  usc'd  for  com[>arativ('  pui’j)oses,  this  is  not 
of  practical  importance.  If  wished,  tlu*  solubh?  (‘xtract  may  be  calcu¬ 
lated  out  to  the  exact  (juantity,  when  tin*  percentage  of  moisture  has 
been  ascertained. 

602.  Acidimetry  and  Alkalimetry. — 'I'he  measurement  of  tla* 
aiiKjunt  of  either  free  aci<l  or  free  alk;ili  in  a  solution  is  oft(‘n  an  opera¬ 
tion  of  considei'able  chemical  importance.  Thus,  in  Houi's  oi*  nu'als,  the 
acidity  is  occasionally  (h'termined  ;  th((  measure  of  acidity  being  oftc'ii 
a  useful  help  in  deciding  whethei-  or  not  a  sample  of  Hour  or  wheat  is 
unsound.  Flours  which  contain  bran  or  germ  de\('lnp  acidity  much 
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inoi-f'  rapidly  than  tliosf;  tlioroiighly  puritiiul  from  tlio  otl’al.  Tliis  acidity 
is  caused  usually  Im  the  ])rt*scncp  of  lactic  acid,  and  is  firoduced,  as  has 
hccn  picuiously  stated,  l)y  the  action  of  tlie  lactic  ferment.  Tliis 
organism  is  always  found  in  i,neater  or  less  numliers  on  the  hi-an  aiul 
i;’(‘rm  of  the  itrain,  and  acts  li}’  convertin''  the  sipi^ar  intcj  lactic  acid. 
'I'his  action  is  much  favoured  hy  damp  iind  warmth. 

603.  Normal  SolutioES  :  Sodium  Carbonate.  The  process 
of  acidimetry  (acid  measuriipi')  heloni's  to  tin;  depai  tment  of  volumetric 
analy.sis,  and  lumce  it  heconu's  necessaiy  to  e.xplain  some  of  the  terms 
u.sed  in  that  hranch  of  anah'tic  work.  There  is  najuired  a  set  of 
standai’d  acids  and  alkalies  ;  that  is,  solutions  of  known  and  delinite 
strengths,  and  an  indicator.  The  standard  solutions  are  usually  marie 
uji  to  normal  strength.  It  is  reriuisite  that  the  e.xact  meaning  of  this 
term  normal  should  he  understood.  Normal  solutions  art'  prepai'cd  so 
that  OIK'  litre  at  10°  C.  shall  contain  the  hydrogen  er|uivalent  of  the 
active  reagent,  weighed  in  grams.  It  follows  thnt  normal  solutions  of 
acids  and  alkalies  are  all  of  the  same  stiength,  and  that  erjual  (]uanti 
ties  e.xar  tly  neutralise  each  other.  Decinormal  solutions  a,re  prr'pared 
hy  diluting  noianal  solutions  to  one-tenth  their  original  sti'ength,  and 
are  shortly  designated  as  solutions.  The  acid  and  alkali  most  com¬ 
monly  used  are  sulphuric  acid,  h,  and  sodium  hydrate  (caustic 

soda),  NaHO.  iloth  these  suhstancr's  are  extremely  deliriuescent,  and 
so  cannot  he  easily  weighed  with  accuracy.  It  is  customary,  thei'efore. 
to  first  make  uj)  as  a  stai'ting  jioint  ii  normal  solution  of  sodium  car- 
honate,  NajCOj.  Directions  follow  foi’  stai-ting  from  this  point  ami 
making  u[)  flu*  necessary  solutions. 

Normal  sodium  carhonate  contains  o.d  giams  of  the  dry  salt  to  the 
litrt*  ;  as  this  solution  is  seddom  employed  for  any  other  purpose  than 
that  of  i>reparing  other  solutions,  a  (piarter  of  a  litix'  only  not'd  he  made. 
Take  tihout  IS  to  20  grams  of  the  pint'  dry  salt,  heat  to  dull  redness  in 
a  pliitinum  dish  or  crucihle  for  ahout  lo  minutes,  allow  to  cool  under 
the  desiccator,  and  then  weigh  out  exactly  12‘2r)  grams.  Transfer  this 
weight  to  a  2.00  c.c.  flask,  an-l  two-thirds  till  with  water,  shake  up  until 
the  whole  of  the  salt  is  dis.solved,  and  then  till  up  tlu'  flask  to  tlu' 
graduation  mark.  Iveej)  the  solution  in  a  clean  dry  stoi'pered  hottle. 

004.  Indicators.  Tlu*  next  st(']i  is,  with  the  aid  of  this  solution, 
to  make  up  a  solution  of  normul  sulphuric  acid.  From  a  study  of 
elementarv  chemistry,  tlu'  student  already  knows  that  it  is  usual  to 
<letermine  wlu'ther  or  not  a  suhstance  is  acid  or  alkaline  hy  oh.s('rving 
its  action  on  litmus.  Acids  turn  a  solution  of  that  body  red,  tlu'  hlue 
colour  heing  I'cslored  hy  (‘xci'ss  of  alkali  ;  when  the  solution  is  m'utral 
its  colour  is  violet.  Dodies  such  as  litmus,  wdiich  art'  list'd  in  order  ti> 
(h'tt'rmine  tlu'  completion  of  any  jiarticular  action,  are  ternu'd  “in 
dicators.” 

I, Hums. — To  jiri'pare  the  litmus  solution,  take  some  litmus  grains 
and  hoil  with  distillt'd  water  ;  let  thi'  liijuid  stand  for  some  hours,  and 
ilecant  oITtlu'  ch'ar  supi'rnatant  solution.  Lt't  this  solution  again  hoil, 
and  add  nitric  acid,  drop  hy  di'op,  until  it  assumes  a  r('ddish-violet 
I'olour  ;  hoil  for  a  tinu',  and  the  coloui-  onct'  mort'  lu'conu's  hlue.  Con- 
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limie  this  trt'atincnt  with  niti'ic  acid  imtil  a  x  iolct  tint  is  olitaiiicd  tliat 
remains  pcnnammt  after  hoilini’'.  Tlie  l■eas()n  foi-  this  l)()ilinj4  is  that 
t!ie  litmus  contains  some  cartliy  and  alkaline  carhonatcs  ;  the  carbon 
dioxide  liberated,  on  addition  of  an  aeid,  ,i;ives  I  h(>  litmus  a  reddish 
tint,  and  so  najuires  to  be  expelltal  by  boiliinj;.  The  litmus  solution 
should  bt‘  kept  in  an  open  l)ottle  sup|ilie(l  with  a  small  dropping  })i])ette, 
by  which  a  small  quantity  can  be  removed  when  wanted.  Jf  this 
litmus  solution  be  kept  in  a  closed  bottle,  it  is  apt  to  becona*  colourless  ; 
the  colour  may  be  restored  by  pouring  the  solution  in  an  (waporating 
dish,  and  thus  exposing  it  for  a  short  time  to  the  action  of  the  atmos- 
|)her(x 

Phenolphihaki?!. — Another  indicator,  much  moi'e  delicate  than  litmu.s, 
is  phenolphthalein  ;  this  body,  however,  possesses  the  disadvantage  of 
being  unsuitable  in  the  presence  of  carbon  dioxide  or  ammonia.  Phenol 
j)hthalein  is  a  brownish  ]i)Owder,  of  which  one  part  is  dissolved  in  .30 
parts  of  90  per  cent,  alcohol,  and  one  or  two  drops  of  the  solution  em¬ 
ployed  foi‘  each  estimation.  The  addition  of  phenoljihthalein  to  an 
acid  solution  produces  no  coloiii’,  but  with  the  slightest  excess  of  alkali 
an  intense  magenta  red  is  produced. 

Methyl  Orange. — Under  this  name  is  prepared  another  body,  also 
most  useful  as  an  indicator.  Like  phenolphthalein,  it  is  a  yellowish 
brown  powder,  one  part  of  which  may  be  dissolved  in  30  parts  of  90 
per  cent,  alcohol,  and  two  or  three  drops  employed  for  each  estimation. 
In  alkaline  solutions  methyl  orange  has  a  yellow  tint,  which  changes 
to  pink  or  red  with  the  slightest  e.xcess  of  acid.  Methyl  orange  is 
absolutely  unatlected  by  carbonic  acid,  and  also  by  organic  acids.  On 
the  r)ther  hand,  it  is  sensitive  to  the  action  of  ammonia,  and  is  well 
adapted  for'  titrating  that  body.  A  curious  result  of  the  .action  of  these 
last  two  indicators  is  that  watei'  from  chalk  or  limestone  formations 
containing  calcium  carbonate  in  solution  reacts  alkaline  to  methyl 
orange  and  acid  to  ])henolphth!dein.  The  di.ssolved  carbonate  atl'ects 
the  methyl  orange,  which  is  insensible  to  the  carbonic  acid,  while  the 
j)henolphthalein  is  caused  to  give  an  acid  reaction  by  the  excess  of 
carbonic  acid  present. 

605.  Normal  Sulphuric  Acid. — Of  noimal  and  tlecinormal 
Jicids  and  alkalies,  two  litres  of  each  is  a  convejnent  (|uantity  to  i)re- 
}>are  ;  these  solutions  are  best  kept  in  stoppered  Winchester  (juarts, 
which  hold  just  over  the  two  litres.  Normal  sulphuric  acid  cont.ains  49 
grams  of  ILSO^  to  the  litre.  Take  about  G.5  to  70  c.c.  of  jaire  sulphuric 
acid  of  LcS40  specific  gravity  {i.e.,  strongest  acid  t)f  commerce),  mix 
this  with  four  or  ti\e  times  its  \()lume  of  water,  allow  to  cool,  and  then 
make  up  to  ex.actly  two  litres  with  distilled  wat(‘r.  With  acid  of  full 
strength  the  solution  wall  now  be  too  strong;  it  must  next  be  tested 
against  the  normal  sodium  carbonate.  Fill  a  .oO  c.c.  biu’ctte  with  the 
acid  solution  ;  with  a  pipette  pour  '20  c.c.  of  the  normal  sodium  cai-bonate 
into  a  ])orcelain  evapor.ating  basin,  .and  .add  1  wo  or  three  drops  of  na'thvl 
orange.  Note  the  height  of  the  acid  in  the  burette,  and  pi'oceed  to  .acid 
it  cautiously,  little  by  little,  to  the  carbonate  in  the  dish.  Wait  between 
each  addition  until  the  (‘Iha  vescence  is  o\  (‘i'.  (,'ontinue  adding  the'  acid 
until  the  neutral  tint  between  yellow  and  piidc  is  reached.  Ih'ad  the 
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liei^ht  of  tlu“  acid  in  the  Iniicttu,  ilctluct  tliu  first  readiiij' ;  tlio  dillertMicci 
is  lliH  aiiKHiiit  of  acid  rtMiuired  to  iitnitriilisc;  tlio  20  o.c.  of  normal  sotliinn 
carl)onat(*.  Let  us  suppose  tliat  tins  amount  is  liS'do  c.c.,  tlien  as  with 
normal  solutions  (‘(|ual  ipiantities  should  exactly  mnitralise  each  other, 
it  is  e\  ident  that  the  LS-fin  c.c  require  to  he  made  up  with  distillerl 
wat('r  to  20  c.c.;  that  i'’,  20-  1S-G.")  .=:  1  •;55  c.c.  of  water  must  la;  added. 
.Mi'asuie  the  total  (puuitity  of  acid  solution  there  is,  and  add  water  to 
it  in  the  ahove  proportion.  Sujipose  that  there  remain  1050  c.c.,  then 
as  lS-()5  :  1050  ;;  l-.'lotothe  ipiantity  of  water  that  must  he  addtal. 
A  d  the  proper  amount  of  water  to  the  solution,  shake  up  thoroughly, 
and  once  more  test  l>y  tilling  the  hurette  and  titrating  against  20  c.c. 
of  the  normal  sodium  carhonate,  exactly  as  before  described  ;  2i)  c.c.  of 
the  one  solution  should  exactly  neutralise  20  c.c.  of  the  other.  It  should 
he  explained  that  the  tei'in  /'///'uZ/V/y  is  applied  to  tin*  operation  of  testing 
a  solution  by  adding  to  it  a  volumetic  reagent 

606.  Normal  Sodium  Hydrate. — The  next  step  is  to  prepare 
a  solution  of  normal  sodium  hydratf'  ;  this  solution  contains  40  grams  of 
pure  NaJlO  to  the  litre.  Weigh  out  al)out  120  grams  of  pure  caustic 
soda  of  commerce,  and  tlissolve  u])  in  a  beaker  in  the  smallest  possible 
(juantity  of  hot  water.  Allow  the  solution  to  stand  for  some  time,  in 
order  that  any  .sediment  present  may  subside;  covei'  the  beaker  during 
this  time  with  a  glass  plate.  Ly  means  of  a  pipette,  ilraw  olV  as  much 
as  possible  of  the  clear  solution,  and  dilute  it  down  to  two  litres.  Run 
in  this  solution  from  a  burette  into  20  c.c.  of  the  normal  suljihuric  acid, 
using  phenolphthalein  as  an  iiulicator.  Wdth  the  quantity  directed 
the  solution  will  be  too  sti’ong.  Calculate  the  amount  of  water  that 
must  be  added  to  bring  the  solution  to  its  normal  strength,  and  proceed 
exactly  as  was  directed  with  the  normal  acid.  After  dilution,  again 
titrate  acid  against  alkali,  when  20  c.c.  of  the  one  must  exaetly  neut 
ralise  20  c.c.  of  the  otluu’. 

607.  Decinormal  and  Ceutinormal  Solutions.  Having 

succeinled  in  })rei)aring  with  accuracy  the  normal  sulphuric  acid  and 
sodium  hydrati',  decinoi'inal  solutions  of  these  reagents  must  be  made. 
iMeasun;  out  by  means  of  a  lOO  c.c.  pipcdte,  200  c.c.  of  the  normal  acid, 
and  j)our  it  into  tin;  liti'c  llask  ;  1111  up  to  tin*  graduation  mark  with 
distilh“d  water,  and  pour  into  a  (dean  dry  “  Winchester  (piart,”  next 
add  another  Iitrt(  of  distilled  water,  and  two  litres  of  decinormal  acid 
are  prepareil.  In  the  same  manner  make*  up  two  lities  of  decinormal 
soda.  Titrate'  20  c.c.  of  one  of  these  against  the  other;  tlu'se,  too, 
should  b(>comc(  exactly  m'utral  when  mixed  in  eepial  (piantities. 

(Jentinormal  solutions  arei  occasionally  reepured  foi-  cc'i'tain  purpose's 
of  analysis.  d’he'y  may  be  I’oadily  jirepare'd  by  taking  100  c.c.  of 
decinormal  solutions,  and  diluting  down  to  a  litre'  with  elistilh'd  wate'r 
free  from  carbon  dioxide. 

608.  Water  Free  from  Carbon  Dioxide,  -in  addition  to  the 

reagents  ab’cady  dexscribe'd,  it  is  nece.ssary  to  have,  for  dete'rminations 
of  acidity  in  Hours  or  me'als,  some  distille'd  water  fre'e'  fi'om  carbon 
dioxide.  'I'liis  is  readily  olitaiiu'd  by  lirst  rendering  some  wate'i'  alkaline 
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witli  caustic  soda,  and  tlicii  distillin'' ;  the  iirst  })Oi’tioii  of  tli(*  distillatt! 
.should  he  rej('cted.  The  caustic  soda  coiuhiues  willi  the  carlioii  dioxidii 
that  may  be  dissolved  in  tlu'  water;  aud  so  by  this  treatment  the  ^uis  is 
prevented  from  coming  over  with  the  condensed  steam.  The  water 
should  be  tested  in  order  to  see  that  no  soda  has  been  carried  over 
mechanically  by  too  violent  boiling.  Tlu;  water  must  give  no  cohtura- 
tion  on  the  iuldition  of  two  or  thn'f^  drops  of  jihenolphthalein  to  100 
C.C.,  but  should  strike  a  distinct  and  jiermanent  i)iid':  on  the  addition  of 
a  drop  of  soda. 

For  many  purposes  it  is  sutticient  to  boil  ordinary  distilled  water  for 
.some  ten  or  lifteen  minutr'S  before  use,  by  which  most  of  the  carbon 
dio.xide  is  e.xpelled. 

609.  Acidity  of  Meals  or  Flours. — When  it  is  desired  to 

make  this  estimation,  the  acjueous  infusion  should  bii  made  with  the 
water  free  from  carbon  dioxide.  Pour  lUO  c.c.  of  acjueous  infusion  into 
a  white  porcelain  dish,  add  two  or  three  drojis  of  phenoljdithalein  solu¬ 
tion,  and  i)roceed  to  titrate  with  soda.  The  burette  must  be  read 
before  the  soda  is  run  out.  and  then  again  at  the  completion  of  the 
reaction.  After  the  addition  of  each  drop  of  soda,  stir  the  li(iuid 
tlioroughl}’ ;  the  n'action  is  complete  when  the  slightest  pink  shade 
remains  permanent  after  stirring.  It  need  scarcely  be  said  that  the 
dishes  and  other  apparatus  must  be  perfectly  clean  ;  the  burette  should 
lirst  be  rinsed  with  clean  water,  and  then  with  a  few  c.c.  of  the  soda 
solution  ;  this  should  be  allowed  to  run  away,  and  then  the  instrument 
should  be  tilled.  fSoda  solutions  tend  to  cau.se  glass  stojicocks  to  set 
fast ;  the  burette  must  therefore  be  washed  after  use,  and  before  being 
put  away  the  stopcock  should  be  withdrawn  and  wrap])ed  round  with  a 
small  piece  of  paper,  and  again  put  in  its  place, ;  this  prevents  its 
sticking.  It  must  of  course  be  seen  that  it  is  not  so  placed  as  to  drop 
out  by  an  accident  and  get  broken.  For  soda  solutions  it  is  preferable, 
however,  to  use  a  buretti*  with  an  india-rubber  tube  and  s))i-ing  clip. 
Assuming  that  the  acidity  of  meal  or  Hour  is  due  to  lactic  acid  (as  un- 
doubttslly  it  is  in  whole  oi-  great  i)art),  then  as  1  c.c.  of  A  NalTO  is 
neutralised  by  O'OO'J  gram  of  lactic  acid,  the  No.  of  c.c.  used  x  0  00!) 
gives  the  weight  of  lactic  acid  in  100  c.c.  of  the  infusion.  This  (piantity 
of  infusion  ccmtains  the  acid  of  10  grams  of  the  ni(‘al  or  Hour,  therefore 
No.  of  c.c.  of  , A  soda  X  O  OOU  X  10  =  percentage  of  acid  in  the  sample* 
— in  other  words,  with  the  (|uantities  dinected  tine  jiercentage  ('(pials 
0‘09  tiiiH's  the  No.  of  c.c.  of  A  soda  used. 

llalland  has  found  that,  on  exhausting  a  good  Hour  with  alcohol  and 
titrating  the  solution  with  turnuiiic  paper  as  an  indicator,  the  normal 
acidity  j-epresented  as  sulphuric  acid  varie's  between  O’Olb  and  O’OIO 
pi*r  cent.  But  working  with  tine  whole  ilour  a  higher  percmitage  of 
acidity  is  obtain(*d.  Planchon  took  o  grams  of  the  Hour  and  gradually 
mi.xed  same  with  oO  c.c.  of  cold  distilled  watei’,  and  added,  wlu'n  pesr- 
fectly  homogeneous,  twej  or  three  drojes  of  alcoholic  jihenolphthah'in 
solutiem  and  titi’ated  with  .A  solution  of  sodium  hydrate.  Ih;  used 
O'Oliir)  as  a  factor,  and  multiplying  tlue  number  of  c.c.  of  soda  by 
that  Hgure,  got  what  was  in  his  opinion  thee  actual  acidity  of  the  Hour. 
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Me  finds  that  this  does  not  increase  during  the  time  necessary  for  tin* 
estimation  ;  t)ut  on  the  contrary,  that  ikj  vai’iation  occui’s  fluring  the 
first  two  liours.  Taking  the  same  flour,  and  maintaining  it  in  contact 
with  water  for  varying  times.  In*  got  the  results  which  are  appended. 
A  corresponding  series  of  tests  was  made  with  the  filtered  afjueous 
extract  of  such  Hours  :  the  results  obtained  are  given  in  the  followiTur 
table  as  soluble  acidity. 


Titrated 

im 

mediately 

I’ercentaye  of  ac-idity  reckoned  as 
Total.  Soluble. 

0-110  0-0107 

>>  ^ 

ifter  1  hour 

0-110 

0-0225 

?? 

2  hours  ... 

0-110 

0-0230 

5) 

* 

4  ,, 

0-113 

0-0250 

M 

55 

7  „ 

0-1  IT) 

0-0275 

55 

24  „  ... 

0-126 

0-0425 

?5 

55 

4b  ,, 

0-145 

0-0830 

The  same  flour,  when  e.xtracted  with  alcohol  (rectified  spirit)  for 
twenty-four  hours,  showed  after  tiltration  the  presence  of  0’03  per  cent, 
of  acidity  soluble  therein.  Flour  does  not  give  up  the  whole  of  its 
acidity  immediately  to  either  water  or  alcohol.  Planchon,  therefore, 
recommends  instead  the  titration  of  the  whole  flour  in  the  presence  of 
water,  and  gives  the  following  as  the  results  of  such  tests,  still  reckoning 
total  acidity  as  sulphuric  acid  : — 


Acidity  Per  Cent. 

Nine  Roller  IMilled  samples  of  fresh  Hour  from  OdOo  to  OTH'J 

Stone  Milled  sample  of  fresh  Hour  ...  ...  0T19 

Second  sample  of  do.  ...  ...  OdH-'l 

Damaged  Hour  unfit  for  use  ...  ...  ...  0160 

Second  sample  of  do.  ...  ...  ...  OnoHo 


The  author  may  state  that  he  has  for  some  time  independently  adopted 
the  method  of  titration  of  the  whole  substance  for  both  Hour  and  l)read 
testing,  and  contirms  the  conclusions  arrived  at  by  Balland. 

The  mode  of  titration  of  the  mixed  Hour  and  water  is  performed  ii\ 
just  the  same  way  as  with  the  Hltered  aqueous  extract. 


610.  Analysis  of  Old  Flours.  —  Balland  and  Planchon  state 
that  recently  old  Hour  which  has  reached  its  extreme  limit  of  possible 
pre.serviition,  and  theivby  lost  its  commercial  value,  is  being  rejuvenated 
l)y  ])assing  through  the  mill  with  a  proportion  of  fresli  Hour.  Such 
mixed  Hour  escapes  detection  by  trade  e.xperts,  and  passes  as  genuine 
new  Hour.  V'ery  shortly,  howi'ver,  the  newness  juisses  ofl',  and  the 
whole  Hour  beconu's  stale.  On  examination  such  Hours  are  found  to 
have  l)oth  ash  and  water  normal,  liufi  the  fat  will  have  decrc'ased  and 
the  acidity  incrc'ased.  'The  glutcui  also  shows  signs  of  change,  being  less 
cohenmt,  a!id  having  a  tiuidency  to  ju’oduce  frothiness  in  tlu'  water 
em])loyed  for  washing  it.  This  latter  characteristic  is  specially  notice¬ 
able  in  the  casi'  of  the  gluten  ))eing  allowed  to  I'emain  under  water  for 
■J  I  hours  aftei’  b('ing  extracted.  Fresh  washing  at  the  end  of  this 
period  caust's,  in  addition  fofrotliing,  much  loss  of  weight.  'I'he  follow- 
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in,2r  Hgures  giv'o  the 
mixed  llour  compared 


yample  No. 

n  15 
5  5  5  5 

New  Flour 

55 

55 


i-esults  of  examination  of  tlireo  sucli  sam[)les  ( 


with 

genuine  new  flours  ; — 

(jlluteii  ve-vv;i8liecl 

Ol'lKil'ill 

after  ‘24  lioiirs 

Liluten. 

in  wiitei'. 

Per  Cunt. 

Per  Cent. 

1. 

.  29 -G 

18  0 

o 

36  T 

27-2 

3. 

.  36-0 

2G-4 

A. 

.  38-8 

34-8 

B. 

.  3G-0 

32-4 

C. 

.  3G-0 

31-2 

)f 


611.  Separation  and  Identification  of  Acids  of  Sour 

Bread. — The  acids  occurring  in  either  sour  bread  or  dough  may  Ije 
divided  into  the  two  groups  of  fixed  and  volatile  acids.  The  former  con¬ 
sist  almost  entirely  of  lactic  acid,  while  the  latter  may  contain  acetic  or 
butyric  acids.  An  approximate  determination  of  the  fixed  and  volatile 
acids  may  be  made  in  the  following  manner; — Take  100  c.c.  of  the 
solution  as  directed  to  be  prepared  for  determination  of  acidity,  and 
evaporate  to  dryness  in  a  platinum  basin  over  a  water  bath,  dilute  again 
with  pure  distilled  water,  and  repeat  the  process  of  evaporation. 
Titrate  the  residue  with  decinormal  or  centinormal  acid,  and  calculate 
the  acidity  as  lactic  acid.  Subtract  the  number  of  c.c,  used  for  the 
titration  from  the  total  quantity  required  for  the  100  c.c.  of  the  soluble 
extract ;  the  difference  is  the  amount  of  volatile  acidity,  and  may  be 
calculated  as  acetic  acid.  It  is  important  to  make  this  determination 
in  a  platinum  vessel,  as  glass  imparts  sufficient  alkalinity  t(i  the  liquid 
to  partly,  if  not  entirely,  vitiate  the  results.  Another  objection  is  that 
an  aqueous  extract  of  either  Hour  or  bread,  as  .shown  by  Balland,  does 
not  give  up  the  whole  of  its  acidity  to  its  tiltered  aqueous  extract.  It 
is  difficult  on  the  other  hand  to  work  on  the  whole  Hour,  l)ecause  on 
boiling  with  water  tlie  starch  would  gelatinise,  and  thus  produce 
an  unworkable  mass. 

The  same  method  may  be  employed  on  bread,  in  which  case  take  10 
grams  of  lu'ead,  and  measure  out  100  c.c.  of  water;  rub  the  bread  into 
a  paste  in  a  mort.ir,  with  a  little  of  the  water,  and  finally  add  the 
whole.  Transfer  t(j  a  flask,  and  add  1  c.c.  of  chloroform  (having  a  neutral 
reaction  to  phenolphthalein),  shake  up  vigorously,  and  allow  to  stand 
over  niglit.  In  the  morning,  decant  off  tlie  clear  su})ernatant  liquid, 
and  filter.  Take  a  measurcnl  (piantity  of  the  filtrate,  and  evaporate  as 
before  in  a  platinum  basin ;  calculating  volatile  and  fixed  acids  respec¬ 
tively  as  acetic  and  lactic  acid. 

A  more  accurate  method  of  determining  the  volatile  acids  in  bread  is 
based  on  distillation  in  vacuo.  For  this  purpose  the  following  apparatus 
may  be  employed.  Select  a  good  roiDid-bottoui  Bohemian  llask  of  about 
1  litre  capacit}^  a,  lit  to  it  a  sound  cork,  through  which  three  holes 
have  Ijeen  bored.  Tlirough  one  pass  a  tube,  n,  leading  to  the  bottom  of 
a  flask,  through  another,  tlui  thermometer,  c,  registering  to  200°  C,  and 
through  the  third,  the  leading  tube,  n.  The  thermometer  must  be  so 
arranged  that  its  bulb  shall  b(!  about  the  middle  of  the  llask.  By  means 
of  a  cork  connect  up  D  t(j  the  Liebig’s  condenser,  E,  and  attach  the  lower 
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FIGURE  76. — BREAD  DISTILLATION  IN  VACUO. 

end  of  the  condenser  liy  means  of  tubing  and  corks  to  the  bulbs,  m  n, 
the  capacity  of  whicli  should  be  about  250  c.c.  Connect  up  the  further 
bulb,  M,  by  corks  and  tubing,  o  P,  to  a  iiowerful  water  or  mercury 
vacuum  pump,  preferably  the  former.  Arrange  the  whole  apparatus  so 
that  the  llask,  a,  is  bxed  by  means  of  a  retort  stand  and  clamp  in  the 
bath,  Q,  which  in  its  turn  is  carried  on  a  small  heating  burner.  Close 
the  open  end  of  the  tube,  n,  by  ini'ans  of  a  piece  of  india-rubber  tubing 
and  pinch  cock,  and  set  the  vacuum  pump  in  motion.  "Wait  until  a 
vacuum  is  obtained  ;  stop  the  pump,  and  watch  the  vacuum  guage  to 
see  whether  the  apparatus  is  air-tight. 

Cut  the  bread  to  be  tested  into  small  dice,  not  more  than  three- 
eighths  of  an  inch  square ;  weigh  off  250  grams,  and  transfer  to  the 
llask,  A,  and  replace  the  cork,  taking  care  that  the  end  of  tlie  tube,  b, 
does  not  get  choked.  Close  b  with  the  pinch  cock,  pour  sutlicient 
distilled  water  into  .m  n  to  seal  the  connecting  tiilie  at  the  bottom,  and 
connect  up  the  whole  apparatus.  Fill  the  bath,  q,  with  glycerin  to 
very  nearly  the  toj),  and  arrange  a  thermometer,  r,  to  take  the  tempera¬ 
ture  of  the  bath.  8et  the  vacuum  pump  going,  and  turn  the  water  on 
to  the  condenser.  Then  light  the  burner,  and  raise  the  temperature  of 
the  glycerin  bath  to  150 — 160°  C.,  and  maintain  it  at  that  point.  The 
moisture  of  the  bread  is  volatilisi'd,  condensed  in  passing  through  the 
condenser,  and  collected  in  the  bulbs,  M  N.  The  esca]H'  of  glycerin 
vapour  from  the  bath  may  be  largely  prevented  Iq'  covering  over  the 
top  with  pieces  of  cardboard.  AVhen  the  distillation  slackems,  turn  oil’ 
the  pumj);  admit  air  slowly  through  the  tube,  B,  until  the  whole 
apparatus  is  tilled,  and  then  again  e.xhaust.  “  Wash  ”  the  llask  out  with 
air  in  this  way  ri'peatedly.  At  the  e.xpiration  of  about  10  minutes, 
stop  the  pump,  admit  air  through  n,  and  discoimeet  the  llask,  a,  from 
the  condmiser.  Remove  from  the  bath,  and  shake  up,  so  as  to  thoroughly 
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mix  the  l)read.  A,i;ain,  CDiniect  up  tlie  api)aratus,  and  recomnumce  the 
process  of  distillation;  at  intervals  of  about  half  an  hour,  n'ju'at  the 
operation  of  diseonnectiii!^  the  tlask  and  shaking  uj)  the  contents,  doing 
this  altogether  tliree  times.  In  about  two  hours  from  the  commence¬ 
ment,  the  whole  of  the  moisture  will  have  come  over,  and  tlie  ther- 
monu'ter  inside  the  ilask  will  register  about  li5  C.  eigh  the 
residual  diyl.naid,  and  thus  tletermine  the  percentage  of  moisture  lost; 
measure  also  the  total  volume  of  distillate.  Itetermine  acidity  in  the 
original  bread,  dry  residue,  and  distillate*,  using  for  the  two  former, 
tests  on  the  whole  substance  without  filtration.  As  he'fore,  the  volatile 
acidity  may  he  calculated  as  acetic,  and  the  fixed  as  lactic  acid. 

612.  Duclaux’s  Method  of  Estimating  Volatile  Acids.— 

Duclaux  finds  that  of  the  volatile  acids  of  the  acetic  series,  each  has  its 
own  definite  rate*  of  distdleition  uneler  ce'rtain  tixe^el  cenielitiems.  Thus, 
if  110  c.c.  of  a  mixture  eef  acetic  aciel  and  water  he  taken  anel  elistille*d 
in  a  300  c.c.  tlask  or  retort  until  100  1''’''^’^'  elistilled  over,  it 

will  he  found  tluit  the  epiantity  of  aciel  in  the  elistillate  is  very  nearly 
80  per  cent,  of  the*  whole,  inelei'eenelently  of  the  strength  of  the  original 
solution  of  aciel.  Further,  if  the  elistillate  he  collected  in  successive 
fractions  of  10  c.c.,  anel  eaedi  titrated  sepeirately,  the  preeportion  of  aciel 
peissing  over  in  these  eejUiil  volume^s  will  in  all  cases  be  the  same  foi 
t*ach  successive*,  veelume*  provieleel  the  aciel  is  pure,  hut  will  vary  ap¬ 
preciably  in  tlie  presence  of  even  traces  of  the  other  fatty  aciels. 
Foreign  matters  other  than  aciels  do  not  seem  to  have  any  very  great 
influence  on  the  course  of  the  elistillation.  The  following  table  gives 
the  percentiige  eef  aciel  which  elistils  over  in  each  successive  10  c.c.  for 
acetic  anel  butyric  acid  respectivel3A  The  columns  A  sheew  die  per- 
centeige  of  the  total  aciel  in  the  elistillate  which  passes  over  with  each 
fraction  :  while  in  columns  b  the  percentages  eif  the  toteil  aciel  in  the 
whole  liepiiel  eipenited  ein  are  given  : — 
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ACETIC. 

BlTVltlC. 

A. 

I!. 

A. 

B. 

I'er  cent. 

Per  cent. 

Per  cent. 

Per  cent. 

I  si.  fraction  of  lO  c.c. 

7  3 

5-9 

l6‘8 

i6*4 

211(1. 

- 

T9 

6'2 

15-1 

147 

^rd. 

'  4lh. 

5  9 

>  J 

cS'2 

8-6 

67 

6*9 

^3'S 

12*3 

13*2 

1 1  *8 

5th. 

- 

9*1 

10*2 

10*1 

6ih. 

- 

9*6 

7  ^ 

9  3 

9*1 

7th. 

- 

- 

IO'2 

S-2 

7-8 

7*6 

8th. 

- 

>i'5 

9*2 

6*4 

6*3 

9th. 

>  » 

J  > 

- 

- 

12*4 

9*8 

5'o 

4*8  1 

loth. 

»  J 

- 

15*1 

12*1 

3 '6 

3'5  1 

Total 

distillate  = 

100  C.C.  - 

- 

- 

79*8 

100*0 

97-5  1 

^  Remaining  in  retort  =  to  c.c. 

1  100*0 

20*2 

2*5 

DISTILLATION  OF  MIXTURES  OF  ACETIC  (a)  AND  RUTVRIC  ACID  r/'j- EUCLAUN, 
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*  No  1 1  is  the  10  c.c.  I'cniaining  in  tlie  icloi  t  after  the  ilistillation. 
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Tnkin.-x  iioetic  acid  solution  of  wliatcver  strenotli,  5-9  per  cent,  of  tlio 
wliolc  of  the  acid  will  come  over  in  the  first  10  c.c.,  0-2  per  cent,  in  the 
second,  and  so  on.  The  quantity  of  acid,  which  tonu's  over,  ,<,n-adually 
increases  until  in  the  tenth  10  c.c.  12T  per  cent,  is  found,  making 
altogether  79-8  of  the  total  acid,  and  h-aving  20-2  per  cent,  in  the  re- 
mairiing  10  c.c.  in  the  tlask.  With  butyric  acid,  on  the  other  luand, 
althougdi  the  boiling  point  is  higher,  the  acid  comes  over  mori'  rapidly 
in  the  earlier  part  of  the  di.stillation.  Thus,  the  first  10  c.c.  contain 
IG’  f  ]ier  cent,  of  the  whole  of  the  acid,  the  last  10  c.c.  .3’.5  per  cent,  of  the 
whole,  while  only  2-5  per  cent,  remain  behind  in  the  10  c.c.  contained 
in  the  flask.  When  a  mixture  of  acids  is  distilled,  each  maintains  its 
own  rate  of  distillation  independently  of  the  others.  It  is  thus  possible, 
by  fractionally  distilling  a  solution  of  volatile  acid,  not  only  to  identify 
the  acid,  but  also  to  estimate  the  proportion  of  each  which  is  jiresimt 
in  a  mixture.  To  do  this  exactly  a  somewhat  complicated  calculation 
is  necessary,  but  when  only  the  two  acids,  acetic  and  butyric,  are  jiie- 
sent,  the  accomjianying  table,  ]>age  580,  of  I'ates  of  distillation  of  mix¬ 
tures  of  the  two  in  certain  detinite  proportions,  will  serve  as  a  guiile  in 
approximately  estimating  the  ([uantity  of  each  which  is  present. 

Tlie  accurate  estimation  of  volatile  acids  in  dough  and  bread  is 
fraught  with  special  dilficulties,  some  of  which  have  been  already  re- 
couirted.  It  is  impossible  to  proceed  by  working  down  the  dough  into 
a  thin  ‘-cream”  with  water,  and  subjecting  that  to  distillation,  because 
the  starch  would  gelatinise  and  the  resultant  paste  would  boil  over  into 
the  condenser.  An  aqueous  extract  may  be  made  with  chhiroform 
water,  but,  as  shown  by  Ikilland,  a  large  proportion  of  the  acid  does 
not  yield  itself  to  the  filtered  extract.  (Out  of  0T26  per  cent.  Ilalland 

filtered  solution  after 


found  only  0‘042  per  cent.,  or  exactly 


3’ 


in  a 


water  and  flour  had  stood  together  for  24  hours.  Iiii-ther,  when 
working  with  this  solution,  a  portion  of  the  lactic  acid  it  contains 
distils  over,  bread  pn-sents  less  difficulties  than  dough,  because  it  can 
be  more  readily  submitti-d  to  distillation  in  vacuo.  The  best  method 
of  estimating  will  bi-  to  obtain  the  distillate  of  tw-o  lots  of  2.)0  giams 
each  of  bread,  and  work  on  that,  which  will  give  altogether  aboiit^  200 
c.c.  of  distillate.  Exiieriment  show's  that  by  this  process  none  of  the 
volatile  acids  are  lost;  for  on  adding  a  second  pair  of  Ini lbs  between 
M  N  and  the  pump  in  Figure  76,  and  placing  20  c.c.  of  centinornial  soda 
in  these,  it  was  found  by  titration  at  the  close  of  the  experiment  that 
none  of  the  soda  had  been  neuti-alised  by  acid  iiassing  ovi-r  from  M  x. 
On  the  other  hand,  the  distillate  obtained  in  this  manner  apparently 
contains  traces  of  lactic  acid.  In  a  special  experiment  500  c.c.  of  dis¬ 
tillate  were  taken,  a  little  zinc  oxide  addl'd,  and  evaporated  down. 
The  concentrated  solution  was  filtered  fi-om  e.xci'ss  of  the  oxide,  and 
evapoi’ation  continued  until  about  1  c  c.  only  remained  - -on  cooling 
crystals  of  zinc  lactate  separab'd  out.  These  ciystals  w'cre  specially 
tested  for  acetic  acid,  and  gave  no  ri'action. 

Measure  first  the  total  quantity  of  distillate,  and  (h'ti'rmine  its  acidity 
in  10  or  20  c.c.  Then  prior  to  starting  on  the  estimation  flu-  following 
reagents  are  necessary  :  -Prepare'  distilh'd  wab'r  free  from  carbon 
ilioxide  and  neutral  to  phenolphthaU'in,  and  wdth  this  make  up  some 
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coiitinoniial  sulphuric  acid  and  soda.  Titrad^  tlicsc  aifainst  each  othfu’ — 
tliey  must  ('xactly  a<free.  Test  a  ch'an  >>iass  Wurtz  llask  for  alkalinity 
hy  hoilinif  110  c.c.  of  ]iure  distilled  water  down  to  10  c.c.  in  it,  and 
titrating  the  residue — tliis  should  still  he  neutral  to  phenoli)hthalein. 
If  the  llask  givu's  an  alkaline  rf'action,  it  must  he  discarded.  The 
author  linds  tlasks  of  “  Jena  ”  toughenefl  glass  very  free  from  alkalinity, 
and  so  specially  ada})ted  for  this  work. 

^\  orking  with  such  dilute  soluticjns,  the  loss  through  imperfect  con¬ 
densation  is  sutlicient  to  materially  affect  results,  particulaidy  when  the 
rate  of  distillation  is  irregular  through  huinj)ing.  The  following  ar¬ 
rangement  of  apparatus,  Figure  77,  is  recommended  foi'  the  distillation. 
A  is  the  side-tuhe  (Wurtz)  llask  of  300  c.c.  capacity,  attached  to  the 
condenser,  n.  Procure  some  colourless  glass  tubes,  c,  about  three 
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inches  high  and  one  inch  diameter,  and  graduated  with  a  10  c.c.  mark, 
as  shown.  Fit  up  thna*  of  thes(>  with  corks  and  leading  tulx's,  n,  and 
hull)S,  KK(like  small  nitrogen  hutl)s).  To  commence  the  ('xperimtmt, 
place  5  c.c.  of  centinormal  soda  in  the  hulhs,  n  k,  and  La)nnect  up  tin' 
aj>paratus.  Tui’ii  on  the  wat(‘r  through  tlu^  condenser,  and  start  thi* 
distillation.  M(‘anlim(‘  get  another  tube,  c,  with  its  bulbs  chargi'd 
with  soda  in  r(‘adiness.  Watch  till  10  c.c.  have  come  over,  and  r('jdac(‘ 
the  filled  c  tul)e  with  tlu^  (mi])ty  oiu'.  'rransfer  tlu“  contents  of  both 
tube  and  bulirs  to  a  beaker,  rinsing  (uit  with  a  littl(>  pure  distilled 
water,  and  imm<'<liately  titrate  with  centinormal  soda  or  acid,  according 
to  whether  tlu;  solution  be  acid  or  alkaline.  If  aciil,  b  c.c.  +  (piantity 
taken  for  titivation  =  tlu'  acidity.  If  alkaline,  b  c.c.  -  (luantity  for  lit- 
I'ation  =  acidity  of  the  distillate'.  Rt'inovce  the  si'cond  distillate,  and 
r(‘plac(^  by  another  re'et'iver,  (;,  and  charged  bulhs.  'I’itrati'  each  in 
precis(‘ly  the  same  manner,  and  continue  until  the  ten  distillate's  have' 
lee'cn  coile'cteel.  I'diially,  titi'ate  the'  10  c.c.  which  I'e-main  in  the'  fkisk. 
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The  .ari-anseioent  of  receivers  fitted  witli  clmrsed  l)ull)s  iippeiirs  com¬ 
plicated  ;  i)ut  a  number  of  experiments  have  sliown  tliat  'vith  open 
eondensation  theiv  is  a  very  consulerable  loss  of  acid.  Having  o1)- 
tained  by  titi’ation  the  amount  of  acid  reckoned  as  centiiiormal  in  each 
fraction,  calculate  out  what  percentaij:e  of  the  whole  acid  in  the  110  c.c. 
it  represents  in  each  cas(>  :  in  fact,  work  out  column  n  as  iier  table  for 
the  particular  experiment.  In  order  to  explain  this  calculation,  let  us 
assume  the  following  to  be  the  results  of  an  analysis  . 

r.read  taken .  '"ibO  grams. 

Weight  of  Dried  llread  ...  324  ,,  =  G4'8  per  cent. 

Volume  of  distillat(i  ...  ...  180  c.c. 

Acidity  of  10  c.c.  =  12‘1  c.c.  acid  =  21 1  'b  on  total  distillate. 


1st.  fraction 

Observeil 
■Vciility  ill 
c.c.  acid. 

.  9-4 

■Vcidity 
calculated  in 
per  ccntaKes  of 
total  in  110  c.c. 

7-0 

2nd.  „ 

.  9-G 

7-2 

3rd.  .. 

.  9-7 

7-2 

4th.  ,. 

.  9-8 

7-4 

5th. 

.  10-0 

7-5 

Gth. 

.  10-5 

7-8 

7  th.  ,, 

.  10-9 

8-2 

8th. 

.  11-G 

8-8 

9th.  ,, 

.  12-7 

9-5 

10th.  „ 

.  14-S 

11-1 

11th.  residuum 

.  24-1 

18-1 

tigures  in  the  second  column  are  simply  calculated 

in  percentages 

9-4x100 
133-1  =  f '0 

Turning  next  to  the  table  (page  580)  of  distillation  of  mixtures  of  acetic 
and  butyric  acids,  we  tind  that  these  figures  closely  agree  with  those  juelded 
by  ten  parts  of  acetic  to  one  of  butyric  acid  :  ami  therefore  the  assump¬ 
tion  that  the  volatile  acids  exi.st  in  these  proportions  to  each  other.  Of 

the  total  acidity,  therefore,  - pj - =  198  c.c. 

217-8 


acetic  acid,  and  =  19  8  c.c.  acid  to  butyric  acid.  The  factors 

foi-  _A_  acetic  and  butyric  acids  respectively  are  O-OOOG  and  0-00088  ; 
and  500  grams  of  bread  were  taken,  w-e  have  1 98  x  O-OOOG  x  0-2  = 
0-023  per  cent,  of  acetic  acid,  and  19-8  x  0-00088  x  0-2  =  0-003  per  cent, 
of  butyric  acid. 

This  example,  with  hypothetical  quantities,  is  simply  given  as  an 
illustration  of  the  mode  of  calculation. 

613.  Estimation  of  Proteids.  -Until  comparatively  i-ecently 
the  standard  nu-thod  of  estimating  organic  niti-ogennus  matter  consisted 
in  mixing  the  substance  with  a  lai-ge  excc-ss  of  a  mixture  of  lime  and 
.soda  (soda-lime),  and  heating  to  rciduess  in  a  tube.  Destructive  distilla- 
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atiou  ensued,  and  the  nitrogen  ])i'esent  was  evolved  as  annnonia,  wliich 
gas  was  collected  in  an  excess  of  acid  solution,  and  subsequently 
determined  by  either  gi’avimeti'ic  or  volumetric  processes.  This  mode 
of  estimation  was  known  as  tlie  combustion  process. 

For  all  tc'chiucal  purposes  it  lias  during  the  last  few  years  been 
almost  entirely  replaced  liy  what  is  known,  aftm'  the  name  of  the 
inventor,  as  Kjeldald’s  process.  This  method  depends  on  the  fact  that, 
when  an  organic  suh.stance  is  heated  with  a  mixture  of  concentrated 
sulphuric  acid  and  potassium  sulphate,  its  nitrogen,  if  any,  is  (with  very 
few  excejitions)  converted  into  ammonia,  and  retained  by  the  acid  as 
ammonium  suljihate.  '1  he  residuum  is  subsequently  rendered  alkaline 
by  excess  of  soda,  and  distilled.  The  ammonium  comes  over  and  is 
collected  in  a  known  volume  of  decinormal  acid,  which  is  titrated,  and 
then  the  amount  of  ammonia  determined.  From  this  the  jierceutage 
of  proteid  matter  is  readily  calculated.  A  detailed  description  follows 
of  the  mode  of  performing  an  organic  nitrogen  estimation  by  Kjeldald’s 
method. 

J^eagents  and  solutions  required. — Pure  concentrated  sulphuric  acid,  as 
free  as  possible  from  nitrogen  compounds. 

Concentrated  solution  of  caustic  soda.  Take  .‘1  lbs.  of  commercial 
sodium  hydrate,  either  in  powder  or  sticks,  and  dissolve  in  as  small  a 
(juantity  of  water  as  possible;  let  the  solution  cool,  and  make  iq*  to 
suilicient  to  iill  a  Winchester  quart  (about  two  Imperial  (juarts).  tStcjre 
in  a  Winchestei'  fitted  with  india  rubber  st()i)per. 

Powdered  potassium  sulphate.  Heat  this  for  some  time  in  an  iron 
ve.ssel,  and  store  in  a  stopi)ered  bottle. 

Jlecinormal  sulphuric  acid  and  sodium  hydrate. 

Phenoli>hthalein. 

Apparatus. — Bohemian  round-bottom  flasks,  250  c.c.  capacity  (or 
special  flasks  of  Jena  toughened  glass).  Wrought-iron  stand  to  hold 
four  of  these  flasks  for  heating  })urj)oses.  This  stand  should  consist  of 
a  stout  sheet  iron  plate,  15  inches  long  by  4.',  inches  wide,  supported  on 
4  legs  for  oixlinary  bunsen  burners,  and  with  4  holes,  each  2  inches 
diameter,  through  the  plate.  ( )n  the  one  long  edge  of  the  ])late  an 
upright  back  should  be  fixed  about  4  inches  high,  and  with  round  notches 
cut  out  so  that  wlum  th(‘  flasks  are  resting  in  tlu^  holes  in  the  )>late,  the 
necks  may  lie  in  thi'  notches  in  the  back.  The  fla.sks  are  thus  supported 
when  in  use  in  an  obli(|Ue  iiosition. 

J)istilli?u^  Apparatus. — Procure  an  ordinary  two-(iuart  oil  can.  A,  in 
Figure  78.  Fit  this  with  a  good  twt)-holed  rubber  coi'k,  through  which 
pa.ss  one  length  of  ghnss  lube,  n,  sulliciently  long  to  reach  to  tin*  bottom 
of  the  can,  and  project  about  two  ha-t  above  the  coi'k.  Through  the 
other  hole  pass  a  leading  tub(‘,  c.  Stand  the  can  on  an  ordinary  trijiod 
ai ranged  ovei- a  burner,  l^rocure  a  1  50U  c.c.  round-liottom  Bohemian 
llask,  1),  ami  arrange  this  also  on  a  round-top  trijual  stand  as  shown  in 
the  tigure.  Fit  to  this  llask  a  two-holed  I'ubbiM'  cork,  and  through  one 
hole  pass  a  leading  tube  of  such  a  length  as  to  easily  connect  with  c  by 
means  of  a  piece  of  india  ridiber  tubing,  and  with  the  other  end  at  the 
bottom  of  the  llask.  Through  the  other  hoh'  of  the  cork  jiass  the  tube  of 
the  small  apparatu.s,  F.i,  shown  in  detail  at  tlu'  right  of  tiu'  tigure. 
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Tlie  ol))ect  of  this  ajiparalus  is  to  provide  against  the  possilhlity  of 
splashes  of  soda  being  carried  over  ineclianically  during  the  distdlation. 
It  is  prepared  in  the  following  manner  : — Take  a  piece  of  glass  tubing, 
c  4  inches  long  and  1  inch  internal  diameter,  round  oil  the  ends  for 
corks  in  a  Imnsen  llame,  and  tit  with  rubber  corks.  Through  one  hole 
of  the  lower  cork  pass  a  piece  of  glass  tubing,  f,  imdi  internal 
iliameter,  and  with  the  lower  end  cut  oliliquely  :  the  top  of  this  mush 
be  just  level  with  the  top  of  the  cork  in  G.  Take  a  piece  of  glass  rod, 
heat  one  end  with  the  foot  blowpipe  until  a  big  soft  droi)  forms  on  it, 
hatteii  this  out  into  a  round  disc  by  squeezing  between  two  piece's  of 
wood,  and  bend  the  end  over  at  right  angles,  as  shown  sejiarately  at 
II.  Fix  this  i)iece  of  rod  in  the  second  hole  of  the  lower  rubln'r  cork, 
so  tliat  the  bent-over  disc  forms  a  s])lash  guard  over  the  uiiiwr  end  of 
tlie  tiilio,  F.  Procure  some  lai’gi‘<  vouikI  heads  al)Oiit  |  ,y  incli 

iliameter,  and  i>our  sutlicient  into  g  to  form  a  layer,  i,  about  an  incli 
deej).  The  splash  disc,  ii,  should  be  large  enough  to  prevent  any  of 
these  falling  below  it.  lo  the  u])per  corlc  attach  a  leading  tubi ,  .i, 
also  with  lower  end  cut  oblicpu'ly,  for  the  purpose  of  coniu'cting  \\\)  to 
the  condenser  liy  means  of  another  coih  at  K.  lly  means  of  corks  and 
india-rut)b(‘r  lulling  connect  to  the  low(*r  end  of  tlie  condenser,  L,  a  pair 
of  Kjeldahl  bulhs,  M  X,  and  tlie  ap}iaratus  is  comjilete.  See  that  all 
corks  and  rubber  connections  used  are  ])(‘rfectly  airtight. 

Moc/e  o!  Aiiii/ysis. — To  estimate  total  proteids  on  Hours  or  iiu'als, 
weigh  oH  1  gram  of  tin*  sample  and  transfer  it  to  a  cl(*an,  diy  heating 
tlasic.  The*  weighing  is  best  done  with  a  pair  of  counterpoisi'd  hoin 
ilishes  for  the  balance.  Obtain  a  wide-mouthed  glass  funnel  that  will 
just  fit  the  llask,  and  pour  into  it  the  Hour  or  meal,  candully  brushing 
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(•very  jiarticle  in  by  means  of  a  brush  leapt  foi'  the  pui’pose.  by  means 
of  a  pipette  add  10  c.c.  of  tlie  concentrated  sulphuric  acid  aiul  about  a 
,1’rams  of  the  potassium  sulphate.  This  latttu'  may  he  coiu'cniently 
measured,  using  for  that  purpose  the  end  of  a  test  tube*,  or  what 
answers  very  widl,  a  sewing  thimble  of  the  I'ight  size.  (This  may  b(> 
ol)tained  once  for  all  by  weighing  out  the  ipiantity.)  Rinse  the  acid 
gently  round  inside  the  flask  so  as  to  tlioroughly  wet  it,  taking  care 
that  thei'e  are  no  dry  patches  of  flour  between  the  acid  and  the  flask. 
Occasionally  one.  gets  a  small  patch  which  obstinately  refuses  to  mix 
with  the  acid,  which  must  then  be  provided  for  in  the  heating.  Ar¬ 
range  the  flask  stand  in  a  stiidc  cupboard  designed  so  as  to  caiuy  oti‘ 
the  fumes  produced,  and  stand  the  flask  obliquely  in  oiu!  of  the  holes, 
with  its  neck  lying  in  the  notch.  Should  there  b(‘  any  adherent  dry 
patches  of  floui',  turn  the  flask  so  that  they  are  out  of  the  li(juid  ami 
on  the  upper  side  of  the  flask.  Turn  on  a  very  small  bunsen  flame  ; 
as  the  acid  gets  hot  it  carbonises  the  flour,  which  froths  uj)  and 
gradually  subsides  into  a  tai'ry  looking  li(juid.  The  steam  of  the  boiling 
acid  attacks  any  Hour  patches  on  the  iqiper  part  of  the  tla.sk,  and 
spei'dily  hrings  them  down  into  the  solution.  Continue  to  ap})ly  heat 
so  that  the  acid  is  just  below  the  iioint  of  ebullition,  a  bubble*  of  steam 
escaping  only  occasionally  :  the  black  liquid  gradually  loses  its  colour, 
and  in  al)Out  45  minutes  has  usually  become  colourless.  As  soon  as 
this  stage  is  reached  it  is  allowed  to  cool. 

When  perfectly  cohl  the  ne.xt  step  is  to  ai'range  for  th.e  distillation  ; 
this,  however,  must  be  precede*!!  by  a  l)lank  experiment,  made  in  oreler 
to  determine  the  iimount  of  amme)ni;i  present  eis  impui'ity  in  the  reagents 
useel.  Add  10  c.c  of  the  concentrateel  sulpihuric  aciel  te)  the  contents 
of  the  tivegram  measure  eif  peetassium  sulphate  in  a  rounel-bottomed 
flask  ])i'ecisely  as  before  :  he*at  so  as  te)  melt  the  sul])hate,  :ind  allow  te> 
cool.  (Measure  eefl’  100  c.c.  of  water  in  a  gi’iiduated  jar,  anel  pemr  in 
quickly  50  c.c.  eif  it  inte)  the  flask  ceintaining  the  aciel  and  sul[)hate — 
the  liepiiel  becemies  very  Imt,  but  ele)es  not  spurt  if  sutlicient  water  is 
aelele*el.  Having  thoroughly  ele*iine*el  the  wheile  of  the  elistilling  apparatus, 
remove)  the  cork  from  i),  ;inel  jiour  into  it  the  conte*nts  of  the  acid  flask, 
linse  three  times  with  the  re>maineler  of  the  100  c.c.  of  water,  pouring 
the  rinsings  inte)  the  flask,  n  ;  eield  one  dre)p  eif  methyl  e)range,  anel  give 
the  fliisk  ii  shake  rounel  so  as  te)  mix  tlm  contents  ;  re'place  the  cork,  ;uul 
ceumect  UJ)  with  the  conelen.ser.  Intre)eluce  by  me*ans  e)f  a  jeijeette*  25  c.c. 
of  eleecinoi  inal  sulj)huric  iiciel  inte)  the  bulh.s,  M  x,  anel  ce)nne*ct  te)  the 
conelensei*.  Ne*xt,  teikee  a  two-inch  ghiss  funni*l,  iinel  attach  to  it  eibout 
six  inches  e)f  inelia-rubher  tubing,  slij)  the)  e)the*r  enel  over  the*  leeiding 
tube*,  K,  Pour  50  c.c.  e)f  the)  sti'eeng  se)da  seelutieen  inte)  a  gr;ieluate‘el 
nu*asure*,  ;uid  |)))ur  it  graelually  elown  tlu'eeugh  the  funnel,  euiel  le*ading 
tube*,  K,  into  the*  flask,  shaking  suflicie'ntly  to  cause*  the  solutieens  to  mix. 
In  this  way  make*  a  reeugh  titi’atieen  e)f  the  aciel  in  the*  flask,  anel  mete 
how  much  sodei  is  re*ejuire*el  te)  ju’oeluce  ne*ul riilisatieen,  anel  then  j)Our  in 
an  aelelitional  5  e*.c.  Rinse  the*  glass  funiie*!  iinel  tuhing  by  jeouring  in 
iui!)ther  50  C.c.  e)f  ele*ar  wate-r.  1  )isee)nnee‘t  the*  glass  funne‘1  iiml  }'ie*ce 
e)f  ineliii-rubbe*r  tubing,  wash  them,  anel  re.serve  for  this  })ur|)e)se*.  The 
e)l)je*ct  e)f  aelding  methyl  eeiiinge  is  te)  ele'le'i-mine)  once  for  all  he)w  much 
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soda  is  necessary;  liavin.ii  done  this  inake  a  not('  ""’J  \''' 

hottle  and  simply  use  tlie.  same  (juantity,  irn  ludin.y  tl.e  e.x  la  .)  c  t., 
dl  Lcceedine  Istimati.ms  until  a  fresh  :iuantity  has  to  be  made  up 
when  it  should  be  a-ain  titrat,>d.  The  rpson  tor  hrst  eorlun,^ ^  h - 
tiask  D  and  then  addin-  the  s.ula  throu-h  the  leadin-  tub. ,  is  that  tlu, 
exceL  immediately  liberates  tbe  ammonia,  winch  at  the  hi.^h  temp.ia 

tiire  is  set  free,  and  is  liable  to  escap.> ;  operatin-  in  this  mannei, 
luiwever,  no  loss  is  possible,  as  the  tiask  is  securely  corke.l. 

About  two  thirds  fill  the  can,  A,  with  water,  an.l  boil  by 
bunsen;  the  whole  of  the  preceding  .iperation  being 
c-urrent  of  cold  water  through  the  condenser,  connect  up  ,  tl'S- 

n,  and  pass  a  current  of  steam  over  into  d  ;  the  f 

speedily  come  to  the  boil,  an.l  the  steam  and  ammonia  togethei  au 
condenid,  and  retained  in  the  Kjeldahl  bulbs,  M  N.  Continue  K 
distillation  until  about  L>00  c.c.  have  come  over  ;  / 

disconnect  the  bulbs,  and  p.mr  their  cmtents  int..  an  evap.nati  g  as 
and  titrate  with  decinorinal  s.ida  and  methyl  orange.  In  the  blank 
experiment,  the  ([uantity  of  ammonia  ev..lved  anmunts  usually  tiom  C  • 
to  0  5  C.C.  of  decinormal  ammonia  :  make  a  note  of  this  cpianti  y,  an 
repeat  the  blank  with  each  new  lot  of  concentrated  acid  and  ^ 

far  as  possible  make  these  up  each  time  in  about  eciuivalent  .luantities. 

At  the  close  of  the  experiment,  thoroughly  rinse  out  the  large  Hash, 
takin-  particular  care  that  no  trace  of  the  strong  so.la  can  get  o\  ei  in  .> 
be  ce,Icle,«e.-.  It  i»  a  «.«l  plan  to  rinse  tl.e  leading  tnUe  and  ap  - 
ance,  J,  of  this  apparatus  each  time  by  hol.ling  under  a  watei  tai ,  a 

passing  a  stream  of  water  through  it.  f  Unnr 

The  cold  cmtents  of  the  acid  tiask,  after  dec.)mp.)Siti.)u  .if  t  , 

are  transferred  to  the  tiask,  D,  an.l  treated  thr..ughout  in  precisely  the 

same  manner  as  wars  directed  for  the  blank  exp.'riment 

Calculation.— 2.0  c.c.  of  acid  are  taken  for  the  determ.natm 
the  bulbs,  that  .luantity,  less  the  amount  required  tor  its  titiatio  , 
represents  the  amount  of  .lecinormal  ammonia  evolved,  thus; 

•25  c.c.  -  l:V;I  c.c.  soda  =  ITT  c.c.  T  Nllg. 

(Acording  t.)  blank  experiment,  the  orrection  is  O'd  c.c.) 

then  ITT  -  t>'-I  =  ITU  c.c.  fr.im  nitrogen  of  flour. 

As  1  c.c.  of  Ty  NII3  equals  O'OOU  of  nitmgen  as  ammonia,  Uieii 
1T5  X  0  0014  =  f)'Ul.582  of  nitrogen.  Hut  as  pi'oteids  contaiii  ii'.iT!  ^ 
nitrogen,  them  0-01582  x  G'lbl  =  OTOOII  of  prot.dd  in  1  gram  .>t  tlour- 

10-01  per  cent.  ^  ,  1 

As  G-:b5  and  0-0014  are  constants,  their  pi-o.luct,  0-0088G  '"'T' 
instead  as  a  factor,  therefor.-  No.  of  c.c.  ..f  N 1 13  c'vol  ve.l  x  O-dON.sG  - 
<-)t'  ill  (jUMiitity  tiikoii  for  jin!il\sis. 

614.  True  Gluten  Estimation.  -  4<’or  this  imrp.)s..  take  about 
0-15  gram  .if  coarsely  powder.-.l,  .Iry  gluten,  w.-igh  it  aceura  e  y,  an. 
treat  with  acid  and  sulphate  as  with  the  whole  ll..u.-.  / ‘ 
wh.ile  e.stimati.m  preci.sely  as  h.-f.ire ;  then,  numl..-.;  ot  c.c  .it  .MI3 
evolved  X  0-008G  =  weight  of  true  glut.-n  in  the  .luanlity  ot  dry  glut.-n 
taken.  The  foll.jwing  data  show  th.'  mo.le  of  calculation  . 
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Flour  yields  13-ln  per  cent.  (»f  diy  crufle  <j;luten. 

Tjiken  for  true  gluten  estimation  —  0’ir)2  gram. 

Ammonia  evolverl,  less  correction,  14‘G  c.c. 

I  FG  X  0'008G  =  0'12'J  gram  true  gluten. 

As  the  whoh'  flour  contaiiusl  l.'MO  per  cent,  of  true  gluten,  then  : 

As  0-1.32  ;  l.’MO  ::  0-129  =  1  FI  1  per  cent,  of  true  gluten. 

Therefore  : 

Percentage  of  crude  gluten  x  true  gluten  found  in  estimation 
Crude  gluten  used  for  estimation  ~ 

j)ercentage  of  true  gluten  in  whole  flour. 

In  order  to  test  the  “  True  Gluten  determinations  the  following 
(‘xi)eriment  was  made:  —  Four  glutens  were  extracted  from  the  same 
flour,  one  heing  washed,  as  well  as  could  he  judged,  to  the  right  degree 
of  purity  ;  two  of  tlu'  others  were  purposely  undei-washed,  and  the 
fourth  overwashed.  The  following  were  tlie  results  in  wet  and  dry 
glutens : — 


Xo.  1,  Washed  correctly 
X^o.  2,  Insufficiently  v  ashed 
Xo.  3,  Would  pa.ss  for  being  washed 
sufficiently 

X'o.  4,  Lost  weight  beyond  Xo.  1  with 
very  great  difficulty 


Wet  Gluten 
.')3-0  per  cent. 
03-0 

5!)-7  „ 

43-5  ,, 


Dry  Gluten. 
16 -f  per  cent. 
20-0 

16-8 

l.vl 


True  Gluten. 
l.n’O  per  cent. 
15-1 

15-1 

14-7 


Note  No.  4  w;is  weighed  when  at  oi  per  cent.,  and  again  washed  in 
clean  water  ;  this  water  on  testing  gave  starch  colouration  with  iodine 
solution,  showing  that  even  at  .31  per  cent,  starch  was  still  present. 
Notwithstanding  the  wide  ditrerences  in  crude  gluten  hetween  Nos.  1, 
2,  and  G,  the  true  gluten  is  ])ractically  identical  in  all.  In  No.  4,  how¬ 
ever,  the  proteid  itself  is  being  lost.  This  was  an  exceptionally  tough, 
hard,  glutenous  flour,  or  doubtless  th(‘re  would  have  been  an  appreciable 
difference  in  true  gluten  between  Nos.  1  and  2.  In  true  gluten  estima¬ 
tions  it  is  recommended  that  where  the,  triu'  gluten  does  not  amount 
to  80  j)ei-  cent,  of  the  crude  gluten,  another  estimation  be  made  and 
the  first  one  rejected. 

615.  Modification  of  Process  for  Estimation  of  True 
Proteids  only.-  The  detm-mination  of  proteids  by  the  Kjeldahl  pro¬ 
cess  is  oj)en  to  the  oljection  that  other  nitrogenous  products  v-liich 
e.xisti-d  in  the  gr.iin  or  flour  arc*  also  i-eckoiied  as  nitrogen  from  pi-oteids. 
Jt  is  at  times  of  s(u-vici-  to  estimate  the  percentage'  of  niti'ogen  existing 
as  proteids  or  flesh  formers,  as  distinguished  from  other  coiiH)ounds  of 
niti-ogen. 

Carliolic  acid  possc'sses  the  ])i-operty  of  coagulating  the  solubh'  pro- 
teids,  and  thus  rendering  their  sepa.i-ation  from  nitrates,  it-c.,  compara- 
tiv('ly  (‘asy.  Take  one  gi-am  of  the  floui-  or  meal  and  cover  it  in  a 
beaker  with  a  warm  four  pei-  cent,  alcoholic  solution  of  carbolic  acitl  : 
this  may  be  jirepared  by  taking  four  grams  of  the  purt'  acid,  and 
adding  f  hereto  suflicient  alcohol  (re-distilled  methylated  spirits)  to  make 
uji  the  voluuH'of  lUUc.c.  Let  this  stand  for  a  (luarter  of  an  hour,  tlu'ii 
add  a  little  boiling  a(iueous  four  per  cent.  solutioim)f  carbolic  acid,  stir¬ 
ring  the  mixture  for  about  a  minute,  and  then  allowing  it  to  cool. 
Wash  the  solid  residue  several  limes  by  decantation  with  the  cold 
a([ue(His  cat-holic  acid  solution,  jxmring  the  washings  on  to  a  small  filter. 
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iuul  finally  transfer  to  it  the  residin*  itself  ;  tlioronylily  dry  the  liltin- 
and  residue.  IMake  a  Kjeldahl  estimation  on  both  the  n-sidue  and 
filter,  cnttin,^  the  latter  up  into  shreds,  and  treating-  both  with  th(‘  acid 
and  sulphate  in  the  usual  manner.  The  pereenta,<j:e  of  idtroffeii  thus 
obtained,  multiplied  by  6-35,  gives  the  quantity  of  true  proteids. 

616.  Estimation  of  Soluble  Proteids.  To  make  this  estima¬ 
tion,  take  50  c.c.  of  the  filtered  solution  as  ])repared  for  soluble  extract, 
and  evaporate  to  dryness  in  one  of  the  acid  flasks,  for  this  purposi*  the 
dask  should  be  ])laced  in  the  hot-water  oven,  as,  unless  the  whole  flask 
is  kept  hot,  recondensation  occurs.  Even  in  the  hot-water  oven  evapo¬ 
ration  proceeds  but  slowly  ;  it  may  be  considerably  hastened  by  im¬ 
mersing  the  flask  in  a  glycc^rin  bath  maintained  at  110 — 120  C.  ii'eat 
the  dry  residue  in  the  flask  with  acid  and  sulphate,  and  })roceed  in  the 
usual  manner.  It  should  be  remembered  that  50  c.c.  contain  the  sol¬ 
uble  proteids  of  5  grams  of  the  flour. 

617.  Estimation  of  Proteids  Soluble  in  Alcohol.— The 

albumins  and  globulins  of  flour  are  soluble  in  water  and  insolul)le  in 
alcohol  ;  gliadiu  is  insoluble  in  water,  but  soluble  in  80  per  cent, 
spirit  ;  while  glutenin  is  insoluble  in  both  reagents  :  it  is  therefore 
possible  to  make  an  approximate  analysis  of  the  i)roteids  of  flour  by 
determining  proteids  soluble  in  water,  proteids  soluble  in  80  per  cent, 
alcohol,  and  total  proteids.  Proteids  soluble  in  alcohol  may  be  deter¬ 
mined  in  the  following  manner  : — To  10  grams  of  the  flour  in  a  flask 
add  100  c.c.  of  80  i^er  cent,  alcohol,  and  shake  up  thoroughly  :  weigh 
the  flask  and  contents  on  the  balance,  and  then  i-aise  the  alcohol  to 
boiling  point  by  immersion  of  the  flask  in  a  hot-water  bath.  Take  out, 
re-weigh,  and  if  necessary  make  up  loss  of  weight  by  adding  a  few 
di-ops  more  alcohol.  Cork  up  and  shake  vigorously  several  times  while 
warm.  Let  the  flask  stand  over  night,  shake  again  in  the  morning, 
allow  to  settle  and  filter.  Take  20  c.c.  of  the  filtrate  in  an  acid  flask, 
evaporate  to  dryness,  and  determine  proteids  in  the  usual  manner. 
Twenty  c.c.  will  contain  the  proteids  soluble  in  alcohol  of  2  grams  of  the 
Hour.  The  followdng  table  contains  the  re.sult  of  a  nund)er  of  estima¬ 
tions  made  in  this  mannei’,  e.xcept  that  the  alcoholic  solution  wuis  tiltensl 
hot.  The  results  are  comparative  among  themselves,  but  subsequent 
investigation  shows  that  more  than  the  gliadiu  proper  is  held  in  solution 
l)y  the  hot  alcohol  ; — 

PROXIM.VTK  AN.VLV.SI.S  OF  PROTKIDS  IX  FLOUR.'^. 


FLOnt. 

Total. 

PHOT 

SoliiRle 
in  Water, 
Ulolmlin, 
etc. 

EIDS. 

Soluble 

in 

Alcohol, 

(iliailin. 

ln.solul)lc. 

(ilntenin. 

Dry 

Oliitcn. 

1. 

Spring 

Patent 

12-64 

2  60 

4-81 

5-^3 

13-05 

2. 

.Si)ring 

Hakers 

14-95 

'•51^ 

6 -08 

7  29 

14-99 

3* 

Winter 

I’atent 

S-7-7 

I  45 

3 -<'3 

3-h9 

8-89 

4- 

Winter 

linkers 

10 -86 

'■31 

4-43 

5-12 

I  1  ‘00 

5- 

Fnglish  Wheat  Patent  - 

8-78 

'•3f-> 

4 '33 

3-07 

9-15 

6. 

llungarian  Patent 

"■53 

1-47 

5 --7 

4-79 

11-45 
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The  ;il)()ve  gives  tlie  percentage  of  iilhuniiii  and  gl(il)ulin,  and 

also  the  gliadin  :  the  glutenin  may  he  obtained  hy  diti'erence,  and  is 
given  in  the  fourth  column.  The  few  analyses  made  d(j  not  ati'ord 
sullicient  evidence  on  which  to  generalise  :  as  might  be  e.\})ected  from 
its  soft,  tenacious  gluten,  the  Hungarian  Patent  contains  a  very  high 
j)roportion  of  gliadin.  Put  the  Spring  Bakers’,  whicli  is  as  ditlercmt  a 
Hour  as  one  can  w'ell  conceive,  contains  still  more  gliadin.  On  the  other 
hand,  the  English  Wheat  Patent,  also  a  totally  diHerent  Hour,  contains 
more  gliadin  in  proportion  to  its  glutenin  than  does  the  Hungarian 
Hour.  So  far  as  percentages  of  gliadin  and  glutenin  are  concerned,  the 
Hungarian  Hour  can  be  reduced  to  the  .same  condition  as  the  English 
by  dilution  with  starch;  but  as  shown  in  paragraph  571  on  gluten 
valuation,  such  diluted  Hungarian  Hour  behaves  altogether  diH’erently 
to  English  Hour.  Eurther  e.xperiments  on  this  point  are  neces.sary 
before  al)solute  conclusions  can  be  drawn.  More  analytic  data  must 
first  be  accumulated,  and  then  an  interesting  re.search  should  be  made 
on  the  lines  of  adding  gliadin  and  glutenin  respectively  to  diHerent 
Hours,  and  studying  how  far  such  additions  modified  their  characteristics. 
It  would  be  necessary  at  Hrst,  of  course,  to  determine  whether  or  not 
the  processes  themselves,  emi)loyed  for  the  e.xtraction  of  the.se  2)roteids 
from  Hour,  altered  their  essential  properties. 
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KSTIM.\TION  OF  CAIUiOIIYDKATES,  AND  ANALYSIS  OF  DODIES 
CONTAININO  SAME. 

618.  Estimation  of  Sug^ar  by  Febling’s  Solution.  —  The 

composition  and  projjerties  of  tlie  sip^ars  arc  fully  described  in  Chapter 
VI.  It  is  there  shown  that  maltose  is  capable  of  forming  a  red  precipi¬ 
tate  of  copper  suh  oxide  in  the  reagent  termed  Fehling’s  solution,  while 
dextrin  and  starch  cause  no  precipitate.  This  reaction  is  not  only  of 
service  in  testing  for  maltose  and  certain  other  sugai's,  hut  also  serves 
the  purpose  of  (juantitatively  determining  the  amount  of  sugar  present 
in  a  solution. 

As  before,  directions  are  first  given  for  the  preparation  of  the  re¬ 
agents,  and  then  for  the  performance  of  the  analytic  operation. 

619.  Fehling’s  Standard  Copper  Solution. — Powder  a  suf¬ 
ficient  quantity  of  jmre  re-ciystallised  copper  sulphate,  and  dry  it  by 
pressure  between  folds  of  filter  paper.  Weigh  out  G9'28  grams,  dissolve 
in  water,  add  1  c  c.  of  pure  sulphui  ic  acid,  and  make  up  the  solution  to 
1  litre. 

620.  Alkaline  Tartrate  Solution.— Weigh  out  350  grams  of 
pure  Rochelle  Salt  (potassium  sodium  tartrate),  and  dissolve  in  about 
700  c.c.  of  water.  Filter  if  nece.ssary.  Next  dissolve  100  grams  of 
sticks  of  pure  caustic  soda  in  200  c.c.  of  water.  If  the  solution  is  not 
clear,  it  niu.st  be  filtered  through  a  funnel  fitted  with  a  plug  of  glass  wool. 
Mix  the  two  solutions  together,  and  make  iq)  the  volume  to  1  litre. 

When  re<piired  for  use,  these  solutions  must  be  mi.xed  together  in 
equal  proportions;  they  then  form  the  original  Fehling’s  .solution.  This 
solution  possessed  the  disadvantage  of  changing  in  character  by  being- 
kept  ;  and  hence  the  modification  in  which  the  Rochelle  salt  is  only 
added  to  the  cojjper  sul[)hate  immediately  before  the  .solution  is  reipiired 
for  u.se.  Each  c.c.  of  the  mixed  solution  contains  U-()34()d  grams  of 
copi)er  sulphate,  and  has  been  until  recently  considered  etjuivalent  to 
exactly  O’OOo  grams  of  pure  dry  grape  sugai-. 

621.  Action  of  Sugars  on  Fehling’s  Solution.— A  careful 
inve>stigation  has  been  made,  by  Hoxhlett  of  tin;  action  on  Eehling’s 
solution  of  specially  luire  sju-cimens  of  the  various  types  of  sugars:  lu^ 
finds  as  a  result  that  the  amount  of  precipitate  foriiKHl  (kqumds  not  only 
on  the  (juantity  of  sugar  pi'csent,  but  also  on  lh(!  d(*gr(‘e  of  concentra¬ 
tion  of  the  solution,  the  temi)eratui-e  at  which  the  determination  is 
made,  and  other  conditions.  Hence  gi-(*at  care  must  hi:  taken  to  always 
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work  in  precisely  the  Siune  manner,  as  it  is  only  by  so  doing  that 
comparative  resnlts  arc  obtained. 

.Sugar  maybe  dctei'inined  by  Febling's  .soluticjn  either  gravimetricallv 
or  vobunetrically.  A  description  of  the  gravimetric  method  is  first 
given.  The  student  should  commence  by  practising  the  estimation  on 
cane  sugar,  as  this  substance  is  easily  obtained  in  a  condition  of  })uritv. 
Cane  sugar  has  no  action  on  Fehling’s  solution,  but  when  heated  gently 
w'itli  dilute  acid  is  changed,  by  hydroh'sis,  into  a  mixture  of  dextrose 
and  hevulose  in  equal  quantities,  viz.  : — 

^12^22^^11  +  HoO  =  C|.,Hj,,()g  +  C^ITj/Jg. 

Cane  Sugar.  Water  Ue.xtrose.  Lievulose. 

Dextrose  and  hevulose  both  act  on  Fehling’s  solution,  precipitating 
copper  sub-oxide,  CU2O,  in  definite  quantity. 

622.  Gravimetric  Method  on  Cane  Sugar.  Procure  some 
of  the  sugar  known  as  Finzel’s  crystals  ;  this  is  the  variety  of  sugar 
sold  by  the  grocer  for  use  with  coffee,  and  consists  of  large,  colourless, 
well-defined  crystals  of  almost  juire  cane  sugar.  .Select  some  of  the.se 
free  from  extraneous  matter,  powder  them,  and  dry  fur  a  short  time  in 
the  hot- water  oven.  IMake  up  a  one  per  cent,  solution  by  weighing  out 
1  gram  of  the  pure  dry  sugar,  dissolving  it  in  water,  and  making  up  the 
volume  to  100  c.c.  Take  50  c.c.  of  this  solution,  and  add  to  it  5  c.c.  of 
pure  fuming  hydrochloric  acid.  For  this  purpose  it  is  best  to  use  a  flask 
graduated  at  50  and  55  c.c.  Place  the  flask  in  a  water  bath,  and  heat 
until  it  reaches  the  temperature  of  G8°  C.  ;  this  operation  should  be 
.irranged  so  as  to  occupy  about  ten  minutes.  Ne.xt  pour  the  contents 
of  the  flask  into  a  100  c.c.  flask,  and  dissolve  in  it  dry  sodium  hydrate  in 
small  quantities  at  a  time  until  the  solution  is  alkaline,  testing 

after  each  addition  with  a  small  strip  of  litmus  paper.  Cool  the  flask 
and  make  up  the  contents  to  100  c.c.  with  water.  The  flask  now 
contains  a  0'5  per  cent,  alkaline  solution  of  cane  sugar  converted  into 
dextrose  and  hevulose.  Add  25  c.c.  of  Fehling’s  standard  copjier  solu¬ 
tion  to  the  same  quantity  of  alkaline  tarti'ate  solution,  and  mi.x  the  two 
thoroughly.  Take  two  beakers  of  about  G  ounces  cai)acity,  and  pour 
into  (aich  25  c.c.  of  the  mixed  Fehling’s  solution.  Next  add  to  each 
50  c.c.  of  boiling  distilled  water  that  has  been  boiling  for  about  half- 
an-hour.  Stand  the  b(«akers  in  a  water  bath,  the  water  of  Avhich  is 
ke})t  boiling  Iw  a  bunsen  ;  allow  them  to  stand  for  sc'ven  minutes, 
and  then  look  to  see  that  no  jirecijiitate  has  formed.  Should  a  pre¬ 
cipitate  occur,  the  Fehling’s  solution  is  impure,  and  is  consetiuently  no 
longer  lit  for  use.  Next  add  to  each  beakei-  20  c.c.  of  tlu'  0‘5  per  cent, 
sugar  solution  and  replace  in  the  water  bath  for  twelve  minutes.  Tlui 
precipitated  cuprous  oxide  is  best  weiglu'd  on  a  counterpoised  filter; 
prepare,  therefore,  beforehand,  two  jiairs  of  small  Swedish  filters, 
trimmed  until  each  one  of  the  jtair  exactly  counterpoises  the  t)ther, 
when  tested  in  the  analytic  balanc(!.  Fold  one  of  the  pair  of  counter¬ 
poised  filters,  and  flltei-  the  copjjer  oxide  I'apidly  from  the  solution  ;  the 
filtrate  should  still  be  of  a  de(>p  blue  colour.  Collect  the  filtrate  in  a 
porcelain  evapoi  ating  basin,  and  examine  carefully  in  order  to  set'  if  any 
traces  t)f  the  precipitate  have  found  their  way  through  the  jtaper ;  if  so, 
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pour  iiwav  the  suju'niatiint  licpiid  from  tlio  l)iisiii,  aiifl  wash  any  ju-ocipi- 
tato  l>ack  on  to  tlio  liltor.  Moisten  tlie  other  of  tlui  pair  of  eount(‘r- 
poised  tilter.s  witli  some  of  tlie  filtrate,  and  wasli  both  the  filters  rapidly 
with  l)oiling  watc'r,  and  dry  l)otli  in  tlie  hot-water  oven.  The,  reason  for 
treating  the  second  jiaper  with  .some  of  the  filtrate  is  to  cause  each  to 
be  in  as  nearly  as  possible  the  same  condition,  so  that  it  (the  second) 
shall  still  countei'iioise  the  first  paper  after  being  washed  and  dried. 
The  filters  should  be  dried  for  twelve  hours  and  then  weighed,  the 
counterpoi.se  pajier  being  jilaced  on  the  weight  side. 

In  order  to  understand  the  calculations  involved  in  the  estimation  of 
sugar  by  Fehling's  solutions,  it  will  he  necessary  for  the  student  to 
make  himself  thoroughly  acipiainted  with  the  properties  of  the  sugars 
as  already  descrilied. 

The  de.vtrose  and  hevulose  produced  by  the  action  of  dilute  acid  on 
cane  sugar,  as  shown  in  the  equation  in  a  preceding  paragraph,  are 
sometimes  grouped  together  as  glucose,  or  grape  sugar  ;  it  is  then  said 
that  one  molecule  of  cane  sugar  (sucrose)  produces,  when  invei'ted,  two 
molecules  of  glucose.  From  the  equation  it  will  be  seen  that  the  mole¬ 
cular  weight  of  cane  sugar  is  313,  while  that  of  the  glucose  formed  is 
360.  It  was  fornuu'ly  supposed  that  an  exact  number  of  molecules  of 
CuO  of  the  copper  sulphate  was  reduced  to  CugO  by  the  sugar  ;  hence 
we  find  the  statement  that  two  molecules  of  glucose  reduce  10  CuO  to 
5  CujO.  Soxhlett’s  researches,  however,  show  that  the  reaction  is  not 
so  simple,  but,  as  before  stated,  varies,  being  dependent  on  the  degree 
of  the  dilution  of  the  reagent  and  other  conditions.  Different  kinds 
of  sugar,  too,  under  the  same  conditions,  reduce,  weight  for  weight, 
different  (piantities  of  CuO  to  Cu^O.  Working  in  the  manner  directed, 
the  reducing  power  of  sugar  on  Fehling’s  solution  is,  according  to  the 
most  recent  determinations  by  O’Sullivan  and  others  : — 

Cane  sugar  has  no  reducing  action.  i  gram  produces . and  reduces. 

Glucose,  ...  ...  ...  1  983  grams  of  CusO  3'205  of  CuO. 

Cane  sugar  after  inversion,  ...  2-087  ,,  ,,  2-315  ,, 

Maltose,  ...  ...  ...  1-238  ,,  „  1-378  ,, 

The  reason  why  the  inverted  cane  sugar  produces  more  Cu^(.),  than 
does  glucose  is,  that  1  gram  of  cane  sugai-,  on  inversion,  yields  more 
than  a  gram  of  glucose,  the  exact  quantity  being  0052  grams.  When 
only  the  one  variety  of  sugar  is  present  in  a  solution,  the  following 
factors  may  be  used  bn-  calculating  the  amount  of  sugar  from  the 
weight  of  precipitated  Cu^O. 

Glucose,  ...  ...  ...  ...  ...  j  =  0-5012. 

Cane  sugar  after  invei-.sion,  ...  ...  =  0-479  1 . 

INIaltose,  ...  ...  ...  ...  ...  =  0-8077. 

Thus,  su})pose  that  in  the  analysis  made  with  the  0  5  pci-  cent,  solu¬ 
tion,  the  weight  of  the  precipitatc-d  Cu^G  was  0-1972  gt-ams,  then 
0-1972  X  0-5042  =  0  0794  of  cnne  sugar. 

Theoretically,  in  20  c.c.  of  the  0-5  per  cent,  solution  tluu-i!  is  0-l  gram 
of  sugar ;  the  results  of  the  analysis  give  99-43  per  cent,  of  chemically 
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pui’t^  suRilf.  It’  the  estiinatioiL  wei'e  iiiade  M'itli  perfect  accuracy,  tliis 
would  show  tliat  the  su^ar  contained  O  n?  jicr  emit,  of  nioistui-e  or  otlier 
impurity  ;  the  deticiency  is  doubtless  in  jiart  due  to  error  of  analy.sis. 
The  duplicate  estimations  made  should  a^ree  closely. 

When  making  an  analysis  of  a  substance,  the  composition  of  which 
is  known  appro.vimately,  a  ijuantity  should  be  taken  that  contains  as 
nearly  as  can  be  calculati'd  OT  gi’am  of  inverteil  cane  sugai',  or  0‘2  gram 
of  maltose.  In  case  the  estimation  shows  that  the  amount  of  sugar 
dillers  widely  from  these  quantities,  a  second  determination  must  be 
made  in  which  more  or  less  of  the  substance  is  taken. 

In  the  presence  of  other  carbohydrates  capable  of  in\er.sion  by 
hydi'ochloric  acid,  O’Sullivan  recommends  that  cane  sugar  be  inverted 
by  means  of  invertase,  which  is  without  action  on  the  other  sugars,  itrc., 
which  may  possibly  be  present.  The  method  is  described  in  detail  in 
connection  with  the  analysis  of  malt  e.vtract. 

623.  Volumetric  Method  on  Cane  Sugar. — When  Felding’s 

solution  is  intended  only  to  be  used  gravimetricalhg  its  e.vact  strength 
is  not  a  matter  of  great  importance,  but  when  employed  for  volumetric 
estimations,  its  strength  must  tirst  l  ie  accuratel}'  determined  by  titration 
with  a  standard  solution  of  sugar.  For  this  purpose  the  0'5  per  cent, 
solution  of  inverted  cane  sugar  already  descrilied  maj"  be  used.  The  sugar 
must  be  added  to  the  Fehling’s  solution,  and  not  the  Fehling’s  solution  to 
the  sugar.  The  sugar  solution  is  thendore  ])laced  in  a  burette,  and  in 
order  that  its  contents  may  not  get  heated  during  the  operation,  the  glass 
jet  is  attached  by  means  of  a  jiiece  of  india-rubber  tubing  about  eight 
or  ten  inches  long.  The  burette  may  then  be  placed  so  as  not  to  be 
vertically  over  the  basin  in  which  the  Folding’s  solution  is  being  heated. 

INleasure  out  5  c.c.  each  of  the  staiulard  copper  and  alkaline  tartrate 
solutions  into  a  white  porcelain  evaporating  basin  ;  add  40  c.c.  of  well- 
boiled  boiling  waiter,  and  heat  the  liquid  (juickly  to  the  boiling  point  by 
means  of  a  small  bunsen  llame.  in  ordi'r  to  t(‘st  the  puiit}'  of  the 
Folding’s  .solution,  boil  for  two  minutes  ;  there  should  neither  be  a  pre- 
cijiitate  nor  any  alteration  of  colour.  Xe.xt  add  the  sugar  solution  in 
small  (juantities  at  a  time,  boiling  betwemi  each  addition.  .\s  the 
operation  proceed.s,  the  deep  blue  colour  of  the  solution  disappears  ;  to- 
wairds  the  end,  add  the  sugar  more  cautiously,  and  after  «'ach  boiling 
allow  the  precipitate  to  subside.  Tilt  the  dish  slightly  o\'er,  iioti*  wdiether 
the  clear  supernatant  liquid  is  still  of  a  blue  tint  by  observing  tin*  white 
sides  of  the  dish  through  it.  WIumi  the  colour  has  entindy  disappeared, 
the  reaction  is  complete.  I’he  e.xact  point  may  be  determined  with  more 
c.xactitude  by  means  of  a  dilute  .solution  of  potassium  ferroci’anide,  acidu¬ 
lated  with  acetic  acid.  With  a  ghnss  rod  lait  a  siuai's  of  drojis  of  this  re¬ 
agent  on  a  w  hite  porcelain  tile  ;  wash  tlu'  rod,  take  out  a  drop  of  the  clear 
liquid  from  the  di.sh  with  it,  and  add  it  to  one  of  the  di-ojis  of  the 
ferrocyainde  ;  the  slightest  trace  of  copjK'r  pi'oduces  a  reddish-brown 
colouration. 

The  l•e.sults  of  the  fir.st  estimation  must  only  Ik'  looked  on  as  approxi¬ 
mate,  but  having  thus  gained  an  idea  of  about  how  much  sugar  is  rt'- 
quired,  the  succeeding  ones  may  be  made  more  quickly,  as  almost  all  the 
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sii<;'ar  may  la*  added  at  (me  time.  Thus,  if  i)’G  c.e.  of  suyar  solution  were 
|■(‘(]uil■ed  in  the  lir.st  trial,  then  in  tlu^  second  from  S-5  to  9  0  c.c.  may 
he  run  in  at  once,  and  tlnm  the  solution  added  mon'  carefully  as  the 
end  of  the  reaction  is  reacln^d. 

Providt'd  the  Fehling’s  solution  is  of  normal  strength,  tlum 

10  c  c.  ^0  0500  grams  of  glucose  or  invert  sugar. 

10  c.c.  0  0  175  ,,  ,,  cane  sugar  (after  inversion). 

10  cc.  =  0  0801  „  ,,  maltose. 

The  dilfercmce  between  the  cane  sugar  and  glucose  is  here  again  ex- 

jdained  by  the  fact  that  cane  sugar  produces  on  inversion  more  than  its 
weight  of  glucose;  0  0475  gram  of  cane  sugar  yields  0  t>5  gram  of  glu- 
c(jse.  Working  with  a  (l•5  per  cent,  solution  of  cane  sugar,  (‘ach  c.c. 
contains  0‘005  gram,  and  9'5  c.c.  contain  0  0475  gram  of  sugar  ;  10  c.c. 
of  the  Fehling’s  solution  should  therefore  recjuire  for  its  com})leto  re¬ 
duction  9'5  c.c.  of  the  sugar  solution. 

As  the  Fehling’s  solution  is  rarel}'  (.)f  the  exact  strength,  its  equivalent 
in  cane  sugar  must  b(‘  noted  so  as  to  be  used  in  each  determination. 
Suppose  the  10  c.c.  of  lAhling’s  solution  required  9'.'5  c.c.  of  the  sugar 
solution,  then  we  know  that  lO'O  c.c.  is  equivalent  to  only  1J;1  = 
0'9789  of  the  respective  ipuintities  of  ditlerent  sugars  given  above.  The 
exact  strength  of  the  IVhling’s  solution  .should  be  noted  on  the  Imttle, 
togethei'  with  the  date  when  the  titration  was  made  ;  the  solution  .should 
be  frequently  tested  against  th((  .solution  of  pure  sugar.  The  (juantity 
of  sugar  found  must  therefore  be  multiplied  by  0'9789.  An  e.xample 
will  make  this  clear.  A  0-5  per  cent,  solution  of  a  commercial  sugar 
was  tested  voluimhrically.  when  11-4  c.c.  of  the  sugar  solution  were  re¬ 
quired  to  completely  reduce  10  c.c.  of  the  Fehling’s  solution.  By 
titration  10  c.c.  of  the  Fehling’s  .solution  are  known  to  be  e(|uivalent  to 
0'9789  of  0  0475  =  0'0465  of  j)ure  cane  sugar;  that  quantity  is  there¬ 
fore  present  in  11 '4  c.c.  (d'  the  0'5  per  cent,  solution.  A  0'5  per  cent, 
solution  contains  ()-005  gram  of  sugar,  so  that  IFl  c.c.  contains  0-0570 
gram  of  the  sugar.  As  0  0570  gram  of  the  sample  contains  0  04G5 
gram  of  sugar,  the  pei'centage  of  pure  sugar  in  the  speciimm  is  81’58. 
The  analysis  would  apjiear  in  the  note  book  thus  : 

“  Volumetric  determination  of  pun;  sugar  in  a  commercial  sample  of 

cane  sugar. 

Inverbal  and  made  up  to  0‘5  per  cent,  solution. 

11 '4  c  c.  i'(“i|uired  to  reduce  10  c.c.  of  Fehling’s  solution, 
which  -  0’0405  gram  of  pure;  cane  sugar. 

=  81 -58  i)er  cent,  of  lau'e  sugar.” 

624.  Estimation  of  Maltose  in  Wheats  or  Flours.  The 

method  of  procedui-(‘  is  much  the  same  as  with  cane  sugar.  The  ])rin- 
ci[)al  point  is  to  obtain  a  s(jlution  of  the  right  stiamgth.  Assuming  that 
an  acjueous  infusion  of  wheat  contains  an  average  amount  of  'J'O  per 
cent,  of  maltose,  tlnm  100  c.c.  of  a  10  pei'  cent,  solution  of  tin;  meal  or 
Hour  cemtains  0’ll5  gram  of  malto.se,  so  tliat  80  c.c.  of  the  10  (ler  cemt. 
s(dution  are  reepdred  in  order  to  furinsli  an  approximate  amount  of 
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(>•2  "I'luii  of  inaltose.  Foi-  cacli  (juantitativo  (istiiiiatioii,  tak'o  25  c.c.  of 
Feliliiig's  solution,  10  c.c.  of  water,  and  80  c.c.  of  the  cl(air  10  per  cent, 
solution  of  the  meal  or  Hour.  Tlu^se  ((uantities  n'ive  the;  same  degree  of 
dilution  as  those  direetcsl  to  l)e  used  in  the  estimation  of  cane  sugar ; 
lU’oceed  exactly  as  in  the  determination  of  that  substance.  Having 
weiglu'd  the  preci})itate  of  Cu./J,  multiply  Ijy  the  factor  OwToS;  the 
result  is  the  (juantity  of  malto.se  in  80  c.c.  of  a  10  per  cent,  .solution  of 
the  meal  or  Hour.  As  80  c.c.  of  such  a  solution  contains  the  soluble 
portion  of  S  grams  of  the  meal,  the  percentage  is  obtained  by  multi- 
plying  by  1""  =  12-5. 

hi  making  this  estimation  the  soluble  proteids  of  the  grain  are  kept 
in  solution  by  the  alkali  of  the  Fehling’s  .solution.  They  may  if  wi.slual 
be  removed  by  boiling  and  Hltering  the  10  jier  cent,  solution.  Put 
about  10  )  c.c.  of  the  solution  in  a  beaker,  take  the  weight,  and  then 
boil  for  about  live  minutes  ;  replace  on  the  lialance  and  make  up  to  the 
original  weight  with  distilled  water.  Filter  oil'  the  coagulated  proteids 
by  pa.ssing  the  liquid  through  a  dry  filter;  the  liltrate  is  a  10  per  cent, 
solution,  minus  the  proteids  coagulatiHl  by  boiling. 

If  maltose  is  to  be  determineil  volumetrically,  the  solution  should 
always  be  lirst  freed  from  coagulable  proteids  in  the  manner  just 
described.  Take  10  c  c.  of  the  mixed  Pehling's  solution,  add  20  c.c. 
of  water,  and  run  in  the  clear  10  per  cent,  solution  of  the  nu'al  or  Hour 
until  the  reaction  is  conq)hde,  exactly  as  was  done  with  the  inverted 
cane  sugar.  The  less  (juantity  of  water  is  added  becau.se  of  the  maltose 
solution  from  the  meal  or  Hour  being  so  very  dilute. 

In  case  the  estimation  of  maltose  is  being  made  in  a  much  stronger 
solution  than  that  obtained  by  treating  a  meal  with  10  times  its  weight 
of  water,  dilute  the  solution  down  until  it  contains  approximately  about 
one  j)er  cent,  of  maltose,  and  then  work  with  exactly  the  sanu*  (juantities 
as  were  directi'd  for  the  invtu'ted  cam^  sugar  O'O  per  cent,  solution. 

The  estimation  of  maltose  in  wlu'ats  and  Hours  is  princijtally  of  value 
as  a  means  of  Judging  the  amount  of  alteration  which  the  starch  has 
umhu'gone  :  that  a  sugai'  analagous  to  cane  sugar  is  also  jiresent  is 
demonsti-ated  by  the  experiment  (juoted  in  jjaragraph  .■1.'58,  i>age  21.'?,  in 
which  an  additicmal  j)recij)itate  is  obtained  as  a  re.sult  of  tiHsitment  with 
hydrochloric  acid. 

625.  Estimation  of  Dextrin. — iMost  sub.stances  which  contain 
maltose  contain  also  dextian  ;  thus  the  two  are  both  found  in  wort  j)r(,)- 
duc(*d  from  malt,  and  also  in  starch  solutions  that  have*  been  subjected 
to  diastasis.  Dexti'in  has  no  action  on  Fehling’s  solution,  but  by  pro¬ 
longed  treatment  with  an  acid  is  converted  into  maltose,  and  ultimately 
int(j  gluccxse.  When  maltos(i  and  dextrin  ai'e  simultanc'ously  j)resent  in 
a  li(juid,  otluM'  carbohydiates  being  absent,  the  maltose  is  estimated 
in  a  ])Ortion  as  alrc'ady  described  ;  another  jiortion  is  treated  with 
acid,  by  which  both  (h'xti'in  and  maltos('  an^  converted  into  glucose. 
A  second  ((stimation  of  the  coiq)er  oxide  reducing  jiower  is  then 
made.  Tlu;  weight  of  ju'ccijiitate  will  be  found  to  be  considerably 
mor((  than  in  the  Hrst  estimation.  Tins  is  due,  in  the  lii'st  jilace,  tt)  tlu' 
fact  that  glucose  [)recii)itatcs  more  Cu.I )  than  does  maltose.  The  mal- 
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toso  oriL^inally  pivsont  must  1)0  (.'iilculatod  into  ,<;iucos(',  and  tlin  amount 
of  |iroci]utato  (luc  to  it  Hul>tract('(l  from  tln^  w(“ijL,dit  found  in  tlio  second 
estimation  ;  the  nmiainder  is  r(>ckoned  as  glucose  produced  l)y  the 
livdrolysis  of  tlie  dextrin  ;  the  ]u‘rcentag(^  may  he  then  ohtained  hy 
calculation.  I'nfortunately,  it  is  ditlicult  to  determine  the  exact  ])oint 
when  the  whole  of  tlu'  dextrin  has  been  changed  into  glucose.  When 
<-ar('fully  worked  the  ju'ocess  is,  however,  sulliciently  accurate  for  most 
technical  purposes,  and  yields  comparative  results.  The  method  is 
largely  emplo^-ed  for  the  determination  of  dextrin  in  the  w’orts  made 
for  malt  as-says.  There  follows  a  modification  of  the  process  adapted  to 
the  determination  of  dextrin  in  meals  and  Hours.  Having  made  a 
solution  for  the  determination  of  malto.se,  take  the  same  quantity  of  the 
solution  as  required  for  that  estimation,  viz.,  80  c.c.,  and  add  to  it  2  c.c. 
of  dilute  sulphuric  acid  (1  part  concentrated  acid  to  8  of  water),  stand 
the  mixture  in  a  water  bath,  and  heat  to  boiling  for  four  hours.  At 
the  end  of  that  time  neutralise  carefully  with  caustic  potash  solution 
(KUO),  and  proceed  to  estimate  glucose  by  Fehling’s  solution  precisely 
as  before.  The  excess  of  glucose  in  the  second  solution  over  that  pro¬ 
duced  by  the  maltose  in  the  tinst  requires  to  be  calculated  back  to 
dextrin.  Tt  must  be  rememb(‘red  that  glucose  is  produced  from  dextrin 
according  to  the  followdng  ecjuation  : — 

C,dl,„0,,  -f  211,0  =  2C,H,/J, 

Dextrin.  W'ater.  Glucose. 

INIolecular  weight  =  d2i.  INIolecular  weight  =  d60. 

I  herefore,  every  3G0  parts  of  glucose  thus  produced  represent  324  parts 
<jf  dextrin  in  the  original  solution,  or  10  of  glucose  =  9  [)arts  of  dextrin, 
so  that  glucose  formed  from  dextrin  x  -j'y  =  dextrin.  As  already 
stated,  this  method  must  only  be  looked  on  as  giving  results  sulliciently 
accurate  for  t(*chnical  purposes. 

A  useful  alternative  method  of  estimating  dextrin  dcqiencls  on  the 
fact  that  it  is  only  very  slightly  soluble  in  alcohol  of  the  strength  of 
(jidinary  methylatcal  spirits,  whereas  maltose,  glucose,  ti.'c.,  are  fairh’- 
soluble  under  the  same  conditions.  The  method  is  applicable  to  the 
soluble  extracts  of  bread  and  Hour,  malt  e.xtracts,  and  similar  prepara¬ 
tions.  When  there  are,  many  such  estimations  to  be  made,  a  fairly 
large  quantity  of  nuithylated  sj)irits,  say  a  gallon,  should  Ix'  redistilled 
{see  paragraph  G38),  tcrsted  against  [)uriHed  de.xtrin,  and  reserved  for 
this  ])urpo.se.  To  ])urify  dextrin,  take  .sonu*  of  the,  Ix'st  light-coloured 
dextrin  of  commerce,  and  dissolve  in  water  to  about  a  15  per  cent, 
solution.  Poui-  some  of  this,  in  small  (piantiticis  at  a  tiiiu',  in  about  a 
litrt;  of  redistilled  spirit  in  a  large  Hask,  shaking  vigorously  between 
each  addition.  Dextrin  will  lx;  precij)itated,  and  should  be  linely 
divided,  if  in  sticky  lunqjs  the  solution  has  been  used  too  strong,  ami 
must  be  diluted.  Filter  oH'  this  precipitate,  wash  wdth  alcohol,  ix'- 
di.ssolv(!  in  water,  and  again  ))recipitat(*  with  a  lai'ge  (piantity  of  alcohol 
as  before.  Wash  and  carefully  dry;  tlu^  resultant  purified  dextrin 
•should  be  colourle.ss  and  tasteless  (save  foi’  a  slight  llavoui'  from  tlu^ 
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spirit).  Dissolve  O-l  gram  of  tlie  dextiin,  and  make  up  to  10  e.e.  in 
water;  add  tliis  quantity  to  125  e.e.  of  the  I'edistilled  .spirit,  and  sliake 
well  :  there  should  be  a  slight  precipitate.  Filter  and  evaporate  50  e.e. 
to  dryness  in  a  weighed  dish,  and  thus  determine  the  amount  f)f  de.xtrin 
dissolved  hy  the  particuhir  sample  of  spirit.  Xote  same  in  calculated 
weight  of  de.xtriu  held  in  solution  per  270  c.c. 

Tn  making  a  determination,  prepare,  if  possible,  a  solution  of  such  a 
strength  that  20  c.c.  shall  contain  apiiroviniately  0'2  gram  of  dextrin. 
Add  this  to  250  c.c.  of  redistilled  spirit  in  a  flask,  cork,  and  sliake  up  ; 
allow  to  stand  a  few  hours,  then  pour  oil’  the  clear,  supernatant  liquid 
on  to  a  counterpoised  filter,  disturbing  the  jirecipitate  as  little  as  possilihs 
Add  100  c.c.  more  of  redistilled  spirit  to  the  ju-ecipitate,  and  shake 
vigorously,  then  transfer  the  dextrin  to  the  filter,  washing  out  the 
paper  with  the  clear  spirit  filti'ati* ;  dry  and  weigh  against  the  counter¬ 
poise,  which  must  he  washed  successively  with  the  first  and  second 
spirit  filtrates.  A<ld  on  to  the  weight  thus  found  the  270  c.c.  soluhility 
correction.  (The  lOO  c.c.  of  spirit  used  for  wa.shing  does  not  ri'dis.solve 
any  weighahle  quantity  of  the  precipitated  dextrin.)  At  times  the 
dextrin  precipitate  sticks  somewhat  to  the  flask  :  in  such  cases  rinse 
fir.st  with  a  little  alcohol,  and  then  dissolve  out  with  a  small  quantity  of 
water,  and  evaporate  to  dryness  in  a  weighed  dish.  Add  the  quantity 
thus  found  to  the  total. 

As  in  some  cases  the  sjiirits  may  precipitate  proteids  as  well  as 
dextrin,  it  is  advisable,  where  sjiecial  accuracy  is  reejuired,  to  make  ji 
nitrogen  determination  in  the  dry  jirecipitate.  For  this  purpose  fold 
up  the  filter  paper,  and  Jvjehhddise  it  together  with  the  precipitate  in 
the  usual  manner.  Deduct  tlie  weight  of  proteid  from  the  total  weight 
of  precipitati*. 

Occasionally  the  proteids  present  will  not  separate,  ;ind  produce  :m 
opalescent  liquid  which  filters  badly  and  extremely  slowly.  In  this 
case  make  a  fresh  estimation,  using  stronger  spirit,  .say  92 — 94  ]ier  cent., 
for  precipitation.  Let  it  stand  at  least  twelve  hours,  or  till  clear,  then 
wash  the  precipitate  three  times  hy  decantation  in  the  flask,  shaking 
vigorously,  and  allowing  to  subside  each  time,  using  for  this  purpose 
fhe  weaker  spirit.  Collect  and  weigh  as  hi'fore.  In  this  case  make  a 
special  test  for  the  correction  with  some  purified  (h'xtrin,  t)perafing  in 
tlie  same  manm'r,  and  evaporating  down  known  fi’actions  of  the  lots  of 
spirit  used. 

It  should  he  added  that  alcohol  precipitate's  in  this  manner  not  only 
dextrin,  hut  also  other  gum  like  bodies  present,  which  are  freiiuently 
retui’iied  in  anah’sis  as  “  indetei'ininate  matters.” 

626.  Polari metric  Estimations.--  In  addition  to  the  method 
already  described  of  estimating  maltose  and  ilextriu  hy  means  of  Feh 
ling’s  solution,  there  is  a  second  j)rocess  in  which  certain  optical  pro[)er 
ties  of  these  bodies  are  employed  in  the  determination  of  de.xtrin,  instead 
of  hydrolysing  that  substance  into  gluccse  hy  means  of  dilute  acid.  'I'his 
particulai-  modification  is  of  special  value  as  a  pail  of  the  jtrocess,  to  he 
hereafter  described,  of  the  estimation  of  starch,  consequently  it  reipiires 
careful  explanation. 
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As  has  been  already  stated,  the  sugars,  in  cnnnnon  with  several  other 
liodies,  are  capable  of  rotating  the  plane  of  polarisation  of  a  lay  of  light. 
'Ihey  possess  this  property  not  only  in  the  solid  state,  but  also  when  in 
solution  ;  further,  the  amount  of  rotation  is  very  lu'arly  proportional  to 
the  degree  of  concentration  of  the  solution. 

627.  Specific  Rotatory  Power. —The  angular  rotation  of  a  ray 
of  polarised  light  by  a  jilate  of  any  optically  active  substance,  1  deci¬ 
metre  (.■b937  inches)  in  thickness,  is  termed  its  “  specitic  rotatory 
power.”  In  most  substances  this  has  to  be  obtained  by  calculation, 
because  of  the  difficulty  of  getting  transparent  plates  of  a  sufficient 
thickness.  A  solution  of  known  strength  is  prepared,  and  from  the 
rotatorv  power  of  this  solution  the  specitic  rotatory'  power  may  be  cal¬ 
culated".  The  rotatory  power  of  solutions  of  the  same  strength  may 
vary'  with  the  temperature,  and  also  with  the  solvent  employ'ed,  hence,  it 
is  necessary  to  note  the  strength  of  the  solution  at  the  time  of  the  esti¬ 
mation,  and  also  the  solvent  used.  The  apparent  or  sensible  specitic 
rotatory'  power  of  a  substance  is  found  by  dividing  the  angular  rotation 
observed  in  the  polarimeter  (a)  by  the  length  of  the  tube  in  decimetres 
(/  usually  ^  2)  in  which  the  liquid  is  observed,  and  by  the  degree  of  con¬ 
centration  {c),  that  is  the  number  of  grams  in  100  c.c.  of  the  liquid.  S 
b(‘ing  the  specitic  rotatory  power,  then  the  above  is  represented  by  the 
formula — 

a  lOOrt 

The  rotatory  power  of  a  substance  depends  on  the  nature  of  the  light 
used  ■  as  the  instrument  to  be  described  is  one  in  which  the  yellow 
monochromatic  light  of  the  sodium  Tame  is  employed,  all  numbers  given 
will  be  for  light  of  that  description,  which  is  often  indicated  by  the 
symbol  So. 

"  In  measuring  rotatory  powers  of  sugars  it  has  been  found  convenient 
to  take  a  plate  of  quartz,  1  millimetre  in  thickness,  as  the  standard  of 
comparison.  According  to  the  latest  and  most  accurate  measurements, 
such  a  plate  produces  an  angular  rotation  of  21°  41' =  21-73°  for  the 
sodium  dame  (Sd).  The  strength  of  the  cane  sugar  solution  which,  in 
a  tube  2  decimetres  in  length,  shall  exercise  the  same  rotary  power,  is 
that  equal  to  10-350  grams  of  sugar  in  each  100  c.c.  of  the  solution. 


100x21-73 
2  X  10-350 


00-45° 


as  the  specitic  rotatory-  power  of  cane  sugar. 

All  sugars  do  not  rotate  the  plane  of  polarisation  in  the  same  direc¬ 
tion  :  thus,  some  twist  it  to  the  right,  or  in  the  direction  of  the  hands  of 
the  clock,  others  twist  it  towards  the  left.  The  terms  dextro- and  hevo- 
rotation  are  a[)plied  to  the  right-handed  and  left-hand(‘d  rotation  resj)ec- 
tively.  Also  the  symbol  4-  is  used  to  represimt  dextro-  and  —  to 
represent  hevo-rotation.  'The  specific  rotatory  powm-  of  the  substances 
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of  iinpoi’tauco  in  coimectioii  witli  tlie  ciieinistry  of  wheat  and  hour  is 
appended  : 


■Substance. 

Ftirnmla. 

Specilio 

I’fitatory  J’ower. 

Cane  sugar 

+  GG-.5° 

Alaltose 

cvn2.,o„ 

+  l;l9-2° 

Dextrose 

C,R,p, 

+  .71-9 

La'vukise 

-98°  at  1.0°  C. 

Invert  sugar 

-2.3 -0.5°  at  1.0°  C 

Dextrin 

cyiioO,; 

+  1 93° 

628.  The  Polarimeter. — We  will  next  desci’il)e  one  of  the  forms 
of  tlie  polarimeter,  and  for  tliat  })urpose  will  select  the  “  Jellet-Cornu 
Polarimeter,  or  “  Saccharimetre  a  Penomhres,”  as  manufactured  hy 
Duhoscq,  of  Paris.  This  instrument  is  simple  in  construction,  well 
made,  and  of  i-easonable  price. 


FIG.  79. — JICl.I.KT-COKNU  I'Ol.AKI.MK  J  KU. 


Figure  7!)  is  an  illustration  of  the  instrument  and  the  hunsen  used  for 
the  production  of  the  sodium  Jlame.  AVhen  using  the  polarimeter  it  is 
well  to  work  in  a  room  from  which  all  light  other  than  that  of  the 
.sodium  Jlame  is  excluded.  The  instrument  consists  essentially  of  a 
tripod  support,  carrying  a  hoidzontal  frame,  in  which  is  placed  the  tube 
Idled  with  the  solution  under  examination,  and  having  at  the  one  end, 
A,  the  ])olarising  juism,  and  at  the  other  tlu'  analyser,  together  witii  a 
small  telescoj)ic  arrangeimuit  used  as  an  eyi*  piece. 

629.  Polarimeter  Tubes.-  'Ida  'se  tub(‘s  art'  math'  of  brass,  linetl 
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with  tin,  Jiiul  aro  o.vactly  -0  centiinotres 
in  knii^tli  from  end  to  end  inside  tlie  ca])S, 
The  left-liand  illustration,  Figure  SO, 
rei)resents  tluj  tube  with  tlie  ends  screwed 
on  ;  the  t)ther  shows  the  tube  in  section. 
Each  cap  contains  a  e:lass  plate  which  tits 
accurately  to  the  end  of  tla^  Ijrass  tube; 
above  the  glass  plate  is  a  waslnu-  of  leather  ; 
on  screwing  on  the  cap  this  washer  e.xei'ts 
an  eciuabh'  pressun;  on  tlu-  glass  plate, 
and  so  makes  a  water-tight  joint.  The 
mistake  must  not  he  made  of  placing  the 
washer  inside  instead  of  outside  the  glass 
])late.  When  using  the  tube,  it  is  lirst 
cleaned,  then  dried  or  rinsed  with  a  few 
drojis  of  the  liipiid  under  (‘.xamination  ;  one 
of  the  caps  is  ne.xt  screwed  on.  The  tube 
is  then  tilled  with  the  solution,  any  bubbles 
are  allowed  to  escape,  and  then  the  second 
glass  plate  is  sliclden  over  the  end  ami 
screwed  tight  by  means  of  the  cap.  If 
properly  filled,  the  tube  should  contain  no 
air,  neither  should  it  leak.  If  there  should 
he  any  tendency  to  leakage,  it  may  he  jire- 
vented  by  very  slightly  greasing  the  ends 
(jf  the  tube.  It  will  be  evddent  that  such 
a  tube  contains  a  layer  of  the  licjuid  exactly 
20  centimetres  in  length. 


630.  Polarimeter  Tube,  with  Thermometer.— Figure  81 
shows  a  polarimeter  tube  of  slightly  ditlerent  construction  :  it  is  in  the 
first  plac(*  lined  with  glass,  and  is  22  instead  of  20  centimetres  long.  On 
the  toj)  then;  is  a  tuhulure,  by  which  a  thermometer  is  inserted  in  order 
to  determine  the  temjierature  of  the  solution  at  the  time  tlu!  estimation 
is  made.  The  use  of  this  particular  form  of  tube  will  be  describc'd 
hereafter. 


631.  Verification  of  Zero  of  Polarimeter. —The  lirst  opera¬ 
tion  to  be  performed  in  starting  work  with  a  new  polarinmter  is  to 
verify  the  z(*ro  of  the  graduated  scale  of  the  instrument.  Ihe  dellet- 
Cornu  polarimeter  is  provided  with  two  scab's,  both  of  which  an' 
engraved  on  the  circular  disc  at  tlu'  front  of  the  a]iparatus.  Ihe 
uppi'i-  scale  is  one  of  sugar  degri'cs,  the  lowei-  is  graduati'd  into  angular 
flegri'es,  namely,  90°  to  the  right  angb'.  Tlu'  vertical  arm,  which 
shows  in  the  figure  traversing  the  front  of  the  disc,  is  ])rovid('d  witli 
a  Vernier  .scale  at  each  end.  The  edge  of  the  disc  is  cut  into  teeth  and 
gears  into  a  small  pinion,  actuated  by  themilli'd  la'ad,  i' ;  this,  on  being 
twisted,  move's  the  eyt'-piece  and  analysing  jirism,  togetlu'r  with  the' 
Vernier  scale.s.  To  make  this  verification  of  the  /.('I'o,  cemmu'nci'  by 
placing  .SOUK' fused  sodium  chloride'  in  the'  ]ilatinum  speion  of  fhe  hunse'ii 
lamp,  then  light  the  bunse'ii,  anel  turn  the'  speion  intei  the  flame',  so  that 
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an  intense  yellow  licjlit  is  produced.  Arrange  the  axis  of  the  instru¬ 
ment  in  the  direction  of  the  flame,  so  that  on  looking  through  the  e3'e- 
piece  a  hialliant  3'ellow  Geld  is  seen.  Next  till  one  of  the  20  centimetn' 
tubes  with  distilled  water,  and  put  it  in  its  proper  j^osition  in  th(‘ 
j)olarimeter.  Place  the  zero  of  the  A^rnier  in  coincidence  with  that  of 
the  .scale,  and  look  carefully  through  the  insti'ument  in  order  to  .see 
whether  both  halves  of  the  Geld  are  ecpially  illuminated.  Turn  the 
milled  head,  p,  very  slightly  in  either  direction  ;  one  half  of  the  Geld 
becomes  dark,  and  the  other  light(n'.  Now  focus  the  e3'e-piece  la'  draw¬ 
ing  it  out  or  pushing  it  in  until  the  vertical  line,  dividing  the  two  halves 
of  the  Geld,  is  sharply  defined.  In  performing  this  operation  see  that 
neither  of  the  milled  heads  of  the  instiaiment  are  touched.  Having- 
focussed  the  e3'e-piece,  turn  p  back  again  until  the  two  halves  of  the 
field  iire  e(|uall3’  illuminated  :  note'  the  jeosition  of  the  Vernier  and  see' 
wheither  it  ceeincieh's  with  the  ze'ro  of  the  scale'.  (I’^r  re'aeling  the  Ver¬ 
nier  ii  small  micreescope  is  provide'el  ;  this  is  carrieel  on  a  moveable  arm 
attache'd  to  thee  e'ye-piece'. )  Sheeulel  the'  two  agre'e,  emce'  metre  displace'  i’, 
;ind  tigain  bring  it  hack  to  the'  position  in  which  the  two  luilves  of  the' 
fie'lel  iire  e'eiiniHv  bright,  aiiel  retid  the'  \"e'rnier.  ( tbse'rve'  wlu'fher  the' 
two  re'iielings  etf  the'  ze'ro  are'  alike'.  If  the'  zei-et  etf  thee  instrument  is 
found  corre'ct,  well  einel  gooel,  but  if  not,  turn  i>  until  the  ze'ro  etf  tin' 
Vernier  is  e'xactly  over  that  of  the' se-tile ;  then  turn  the'  milk'd  head, 
markeel  et,  until  the  two  halve's  of  the'  Ge'ld  ai-e  of  the'  same'  de'pth  of 
tint.  .Make'  this  adjnstme'iit  most  ciire'fidly  ;  w  he'ii  etnce'  imiele',  the 
milk'd  he'iiel  must  nett  be'jigain  imtve'd,  etr  the'  polarimoter  will  be'  thretwn 
(tut  of  aeljustment. 
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632.  Method  of  Reading  with  Vernier._  T,.  ilimo 

cust.nm-d  ti)  tlio  use  of  tlio  Venmrfoi-  llin  inii-posp  of  acral  at<-l)  ic.i  ,, 
Oiailuationa  on  inilramcnts  of  psactilu.lc,  a  f.av  nor,  »  of  os,,  anat.oii  ot 
Tliat  dovico  will  1,0  accoptal,!...  Tlic  Voraior  ,s  .yinalUcalo  ''I™''  ' 

over  tho  etraduations  of  tlie  principal  scale  of  the  instrument.  On 
Vernier  a  length  equal  to  nine  of  the  gTaduations  on  the  fixed  scale  is 
divided  into  fO  equal  parts.  As  a  consequenc(>  each  division  (in  the 
Vernier  is  exactly  nine-tenths  of  each  on  the  hxed  scale.  Beanng  this 
in  mind,  let  us  see  Iionv  the  Vernier  is  used  in  actual  work.  Suppose 
that  with  the  polariineter  a  sugar  solution  is  ].lace(  in  the  instiuinent 
and  the  analyser  turned  until  the  two  halves  ot  the  field  are  ilhmnnatei 
cM.uallv.  It  now  becomes  necessary  to  read  off  the  nnmhcv  of  degriM^s 
through  which  the  analysing  prism  has  been  rotated.  On  'V 

the  scale  we  find  that  the  zero  of  the  Vernier  is  between,  say  J-1  and  Jo 
dp..rees  Look  along  the  Vernier  scale  in  the  direction  of  the  .)o  im  il 
one  of  the  graduations  on  the  Vernier  exactly  coincides  with  one  on  the 
fixed  scale.  If  this  graduation  on  the  \  eniier  is  i  fnuii  the  zero,  then 
the  accurate  reading  of  the  polariineter  is  U4-7°.  In  fact,  whatexei 
number  graduation  on  the  Vernier  coincides  with  one  on  the  other 
scale  the  numher  of  that  particular  Vernier  graduation  represents  the 
fraction  of  a  degree  in  decimals.  This  will  be  .seen  to  be  tlie  case  on 
retlectioii.  A  fuller  explanation  of  the  Vernier  may  be  found  in  (ballot 
“  Physics.” 

633.  Polarimetric  Estimation  of  Oane  Sugar.  -As^  a 
matter  of  practice  the  student  will  do  well  to  make  some  polarimetric 
estimations  on  pure  cane  sugar.  For  this  purpose  powder  hnely  some 
clean  Finzel’s  crystals,  and  dry  for  a  short  time  at  100  C.  V  eigdi  on 
exactly  10  :150  grams  of  tlie  .sugar,  dissolve  in  distilled  water,  and  make 
up  to  100  c.c.  Fill  one  of  the  two  decimetre  tubes  with  this  soiution, 
which  must  be  perfectly  clear  and  transparent.  Prepare  the  polariineter 
for  working  and  introduce  the  tube.  By  means  ot  the  niilled  head, 
rotate  the  analyser  to  the  right  until  the  point  is  reached  at  whicli  tlie 
cliange  from  illumination  of  the  one  side  of  the  field  to  that  of  the  othei 
occurs  with  great  sharpness.  Turn  the  milled  head  very  slowly,  and 
observe  carefully  the  exact  point  at  which  equal  illumination  is  readied. 
Read  off  the  number  of  degrees  by  means  of  the  Vernier  on  the  upper 
scale  •  then  shift  the  analyser,  once  more  bring  it  back  to  the  neutral 
pointi  and  again  read.  The  two  readings  should  agree  to  the  tenth  part 
(.f  a  sugar  (tegree.  If  the  sugar  be  absolutely  pure,  and  the  ()l)eration 
be  made  correctl}^  the  reading  should  be  precisely  100  signihes 

that  the  sample  under  examination  contains  exactly  100  per  cent,  ot 
pure  cane  sugar.  Similarly,  if  the  jiolarinieter  stood  at  W(‘  should 

state  that  the  sample  contained  97 dl  per  cent,  of  pure  sugar. 

634.  Polarimetric  Behaviour  of  Inverted  Cane  Sugar.— 

It  has  been  already  stated  that  the  operation  of  treating  cane  sugar 
with  an  acid,  and  .so  causing  it  to  precipitate  cuprous  oxide  from 
Fehling’s  solution,  is  termed  “  inverting  ”  the  samplis  The  reason  is. 
that  a  solution  of  sugar  thus  Ireatisl  rotates  the  plain'  of  polarisation  to 
the  left  instead  of  to  the  right.  Take  a  llask  having  two  marks  on  the 
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lU'ck,  f)iio  Jit  oO  iiiul  till!  otliei’  iit  55  c.c.,  iill  up  to  tlie  50  c.c.  nuii'k  witli 
t]i(‘  sujfjii' solution,  iiiul  tlien  iidrl  5  c.c.  of  pun^  fuininf(  liydrocliloi’ic  ficid. 
X('xt  lic'Jit  the  fhisk  iu  ji  wjitei'  Ijjitli  until  its  contents  liiive  iic(|uired  ji 
tcnipeijiture,  of  (18°  C.  ;  this  ojicrjition  sli(.)uld  be  so  Jirrangcd  ns  to 
occupy  jihout  ten  minutes.  Cool  tlie  tljisk  by  innnersion  in  cold  wjitcr. 
Fill  th(‘  '22  centiineti'c  tube  with  this  solution,  insert  the  th(*rinoni(‘ter, 
Jiote  the  temjKM'iiture  and  read  the  Jimount  of  rotation,  which  will  lx* 
left-lijinch'd,  with  the  polariineter.  Tlu',  rojison  for  havin';  a  tube  il'J 
'•entiinetres  in  length  will  now  be  evident;  the  addition  of  5  c.c.  of  acid 
to  50  c.c.  of  su^ar  solution  will  luive  diluted  the  solution  to  of  its 
fornier  volume.  When  the  rejidini;  is  taken  in  a  22  centimetre  tube, 
that  also  is  of  the  length  of  the  20  cmitimetre  tulx',  consequently  ji 
'lepth  of  li'juid  e'jiuil  to  20  centimetres  of  the  sip<;ar  solution  before  in- 
\ersion  is  looked  through.  Working  in  this  manner,  no  cjilculation  is 
necessaiy  for  the  dilution  resulting  from  the  Jiddition  of  the  Jicifl 
Cjireful  obsei’vation  has  shown  tluit  a  solution  of  cjiue  sugjir  which 
before  inversion  gave  a  right-handed  rotjition  of  1 00°,  gives  Jifter  that 
operation  a  rotation  of  39°  to  the  left,  jjrovided  the  temperature  of  the 
inverted  solution  is  10°  C.  The  j'lane  of  polarisation  is  therefore,  by  the 
operjition  of  inversion,  rotated  through  139°  on  the  sugJir  scale.  As 
has  been  stated,  inversion  produces  from  the  one  molecule  of  cjine  sugar 
two  molecules  of  glucose,  one  each  of  dextro-glucose  Jind  hevo  glucose. 
This  latter  body  luis  ji  diminished  rotatory  power  Jit  high  temperjitures, 
jind  hence  it  becomes  necessary  to  read  the  temperjiture  at  which  the 
obsei’VJition  is  made.  The  rjite  of  diminution  is  1°  or  division  for  each 
increjise  of  2 '  C.  At  0°  C.  the  cluinge  re.sulting  from  inversion  amounts 
to  1 11  divisions  ;  for  any  higher  tempeniture  the  vjilue  is  found  by 

1)  =  111-^ 

Supijose  tliJit  in  the  test  experiment  with  ])ure  cane  sugar  the  polari- 
metric  reading  was  -  36,  and  that  thermometer  registered  1(1°  C.. 
then  to  lind  the  e'piivalent  I'ejiding  jit  0°  C.  Jill  that  is  necessary  is  to  juld 

(in  this  cjise  =  8)  to  the,  observeil  rejiding  of  total  number  of  divisions  ; 

the  result  is  the  reading  for  0°  C.,  giving  111  in  the  experiment  being 
considerj'd,  which  is  the  theoi'ctically  correct  tigure.  In  event  of  tlu' 
sngju-  containing  10  per  cent,  of  moisture,  the  right  hand  reading  would 
only  Jimount  to  90  ;  sinnhirly,  tlu'  reJiding  Jiftcu'  inversion  and  calcuhi- 
tion  to  0°  C.  would  amount  to  exjictly  ,'0  of  111  divisions.  If,  on  tin' 
other  hand,  some  substance,  Jis  dextrose,  were  jin^sent  which  is  not 
cjipable  of  invei'sion  by  the  method  adopted,  then  the  left-luind  reading 
would  b(‘  less  thiin  the  theoretical  amount  for  cjine  sugJir.  Thus  the 
polaihneter  jillbrds  not  only  ji  mejins  of  observing  the  percentage  of 
sugar  present  in  a  .sjimph',  but  Jilso  givi's  valuable  indicjitions  Jis  to  tin' 
nature  of  the  impurity. 

635.  Polarimetric  Determination  of  Dextrin  and  Mal¬ 
tose.  We  must  luixt  tui-n  oui' Jittenl ion  to  the  method  of  using  the 
polariineter  foi'  estinuiting  tin'  junount  of  dextrin  in  a  liquid  contjiining 
lioth  dextrin  jind  maltose.  Should  theli(|uid  contain  any  cojiguhible 
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IH-oteicls,  tlu'y  sliould  first  lu'  reniovc'd  l)y  licatiiii^'  ii  known  wed'll d:  of  tlu' 
li(|uid  for  a  fow  minutes  in  tlu^  liot  water  l)atli,  making  up  the  lost 
weiglit  with  distilh'd  watt'r,  and  tlien  filtering.  It  may  happen  that 
the  li([ui(l  is  not  sufliciently  clear  to  he  transj)arent  in  a  layer  of  so 
much  as  'JO  centimetri'S  ;  it  may  then  he  clarified  hy  treatment  with 
animal  charcoal  in  the.  following  manner  : — Add  to  the  solution,  in  a 
flask,  about  one-fifth  of  its  volume  of  powdered,  recently  ignittal,  pure 
animal  charcoal.  fSliake  up  vigorou.sly  for  a  few  minutes,  and  pass 
through  a  dry  filter.  Iveturn  the  filtrate  to  the  jiajier  until  it  comes 
througdi  i)erfectly  cleai'.  It  is  usually  preferable,  however,  instead  of 
treating  with  charcoal,  to  dilute  the  liipdd  with  water,  as  charcoal 
apparentlv  e.xercises  an  absorbent  (dfect  on  some  of  the  carbohydrates, 
Suliject  to  this  reservation,  for  the  polarimetric  reading,  as  concentrated 
a  solution  as  possible  should  be  taken,  and  the  observation  mad(!  in  the 
•JO  centimetre  tulx*.  After  reading  with  the  polarimeter,  dilute  down 
to  the  right  strength,  and  estimate  maltose  by  Fehling’s  solution. 

Knowing  the  quantity  of  maltose  i>resent,  in  order  to  calculate  the 
proportion  of  the  polarimetric  effect  due  to  dextrin,  the  amount  of 
rotation  due  to  maltose  must  be  calculated.  On  multiplying  the  number 
of  grams  of  maltose  in  100  c.c.  of  the  solution  by  J-71,  the  result  is  the 
angular  rt)tation  due  to  the  maltose.  Subtract  this  number  from  the 
observed  angular  rotation,  and  the  remainder  is  the  angular  rotation 
due  to  dextrin.  This  angular  rotation,  on  being  divided  by  3-8G,  or 
multiplied  by  0’J59,  gives  the  grams  of  dextrin  in  100  c.c.  of  the  liquid. 
From  these  data  the  percentage  of  dextrin  and  malto.se  in  the  original 
substance  may  be  calculated. 

It  will  be  of  interest  to  mention  that  the  most  recent  determinations 
bv  O’Sullivan  gave,  for  dextrin,  Sd  =  J00'4°.  Ilis  factors  for  cal¬ 
culating  dextrin  polarimetrically  are  J-78  instead  of  J-71,  and  4-008  for 
the  multiplier  3-8G. 

As  an  illustration  of  the  polarimetric  estimation  of  dextrin,  the 
following  example  of  the  analysis  of  a  sample  of  wheat  germ  is  given. 
A  10  per  cent,  solution  of  the  .substance  was  made  with  cold  water, 
filtered,  shaken  up  with  animal  charcoal,  and  again  filtered  until  clear. 
The  clear  solution  was  weighed  in  a  beaker,  raised  to  100°  C.  in  the 
water  bath,  made  up  to  original  weight,  and  tiltenal  from  the  coagulated 
albumin.  TIu;  reading  wdth  the  polarimeter  wais  J-00°  to  the  right.  A 
maltose  estimation  was  made  with  JO  c.c.  of  the  .solution  to  Jo  c.c. 
Fehling’s  .solution,  and  GO  c.c.  of  wabu-.  The  resulting  precipitate  was 
in  this  instance  converted  by  ignition  into  cupric  oxide  (CuO)  and 
weighed  as  such,  then — 

Vvt.  of  Cu(.)-0-151o  X  0-7313  =  0-1 107  gram  of  malto.se  in  JO  c.c.  of 
10  per  cent,  .solution. 

0-1107  X  0  =  0-57)30  gram  of  maltose  in  100  c.c. 

0'Oo30  X  10  =  5-530  per  cent,  of  maltose  in  the  substance. 

Then,  O-5530  x  J-78=  1-5J  =  angular  rotation  due  to  malto.se. 

Total  angular  i-otation,  J-  I -5 J  =  0-48  =  angular  rotation  due  to  dex¬ 
trin. 

0-48  X  0-J50  =  0-1J4  gram  of  dexti-in  in  100  c.c. 

0-1 J4  X  10=  1-J4  per  cent,  of  dextrin  pre.sent  in  the  substance. 
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636.  EstimatiOD  of  Starch.-  lliis  (“Stimatioii  may  1)C  rouglily 
made  liy  iT‘tainiiii(  for  (‘xamiuatioii  the  wliole  of  tlie  wa'liiiii^s  from  tlie 
i;iuteii  test  for  xvlieat  or  flour.  For  this  |iurpos(*  wash  tlie  doii,u:li  in 
small  (juaiitilies  of  water  at  a  time  until  tin*  water  remains  clear,  the 
washings  being  poured  into  a  large  beaker.  Stir  the  starch  anh  watei' 
thoroughly  together,  and  then  strain  tlirough  a  piece  of  fine  silk  into  a 
.second  clean  beaker,  in  order  to  recovei-  any  fragments  of  gluten  that 
may  possibly  have  been  in  the  first  instance  forced  through  the  silk. 
Having  washed  the  whole  of  the  starch  through  the  silk,  stand  the 
beaker  aside,  in  order  to  allow  the  starch  to  subside.  Counterpoise  a 
pair  of  filters  and  arrange  them  in  funnels  one  under  the  other,  so  that 
the  lower  receives  the  filtrate  of  the  ufiper.  liemove  the  lower  funnel 
and  pour  the  supernatant  liipud  from  the  starch  on  to  the  iipjim-  filter; 
as  soon  as  the  filtrate  runs  clear,  replace  the  second  funnel  and  con¬ 
tinue  the  filtration,  finally  rinsing  the  whole  of  the  starch  on  to  the 
filter  ;  wash  with  distilled  water  and  dry,  fir.st  for  a  few  hours  at  40°  C., 
and  afterwards  in  the  hot-water  oven.  Tlie  reason  for  first  drying  at  a 
low  te.mperature  is  to  jirevent  the  gelatinisation  of  the  starch  ;  this  pre¬ 
liminary  drying  may  generally  be  done  on  the  toj)  of  the  hot-water  oven. 
The  counterpoise  filter  may,  of  course,  lie  dried  direct  in  the  oven,  and 
at  the  end  weiglual  against  tlie  starch  and  tilter.  This  treatment  gives 
the  weight  of  starch  cells  of  the  wheat  or  flour.  These,  it  must  be 
remembered,  contain  a  certain  (luantit}’  of  starch  cellulose. 

637.  Estimation  of  Soluble  Starch  by  Conversion  into 
Dextrin  and  Maltose. — For  more  retiiual  estimations  the  method  of 
first  converting  the  starch  into  de.xtriii  and  maltose,  and  then  deter¬ 
mining  those  bodies,  is  preferable.  O'-ullivan  gives,  in  the  “Journal  of 
the  Chemical  Society  ”  for  the  year  1884,  a  description  in  detail  of  his 
method  of  making  such  (‘stimations.  The  method  is  based  on  first  re¬ 
moving  dextrin,  maltosi',  and  other  soluble  bodies  from  the  substance 
by  the  use  of  water  and  other  solvents,  then  converting  the  starch  into 
dextrin  and  maltose  by  the  action  thereon  of  malt  diastase,  and  then 
estimating  the  de.xtrin  and  maltose  by  liVhling's  solution  and  the  polari- 
nieter.  The  followdng  spiaial  reagents  are  necessary  : — 

638.  Alcohol.  -This  reagent  is  reipiired  absolutely  free  from  water, 
and  also  mixed  with  water  in  difl'erent  proportions.  “Absolute”  or 
water-free  alcohol  may  either  be  pui'chased  or  prepared  in  tlu'  following 
mainuu' ;  Take  two  ([Uarts  of  the  Ix'st  methylated  spirits,  add  thereto 
aliout  half  its  weight  of  recently  and  thoi'oughly  buimt  iiuicklime,  shakt' 
up  vigorously  two  or  three  times  a  day  for  three  or  four  days.  The 
(|uickiime  will  dehydrate  the  alcohol,  by  combining  with  the  water 
pi-esent,  to  form  slaked  lime  (calcium  hydrate*).  Tlie  alcohol  must  ne.xt 
be  sejiarated  from  the  lime  by  distillation.  For  this  purpose'  arrange  a 
'dass  flask,  or  tin  or  copper  vessel  of  sullicient  size,  in  a  large  saucepan 
to  be  u.sed  as  a  water  bath.  Fit  a  cork  with  leading  tube  to  the  neck 
of  the  flask,  and  connect  this  up  to  a  condensing  woi'in,  jirovided  with  a 
copious  supply  of  wati'r.  Ik*  sure  that  all  joints  ai'i'  perfectly  air  tight. 
|idll  the  water  bath  with  brim',  and  make'  arrangenu'iits  for  .securing  tin* 
flask,  so  that,  as  it  becomes  lighter  by  the  evaporation  of  the  spirit,  it 
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■sliall  not  ciijisize.  Pour  oQ‘  the  clear  alcoliol  from  tlie  lime,  into  the 
llask,  connect  up  the  whoh;  of  tlie  apparatus,  and  raise  the  1,'ath  to  the 
hoiling  point  hy  nu'ans  (jf  a  hunsen.  Collect  tlie  distilled  spirit  in  a 
dry  stop})ered  bottle.  It  must  be  remembered  that  alcohol  is  highly 
intlamniable,  and  therefore  every  care  must  be  taken  tti  pre\'ent  an 
accident  througli  tin*.  Tlie  lime  usc'd  for  the  desiccation  of  the  alcohol 
will  still  contain  a  considerable  ipiautity  of  spirit  j  this  may  in  great 
part  be  recoverial  by  pouring  the  whole  on  to  stout  calico  and  scjueezing 
as  much  as  possilile  of  the  spirit  out. 

Dry  jiotassiuni  carbonate  is  jierhaps  frecpiently  a  more  convenient 
agent  for  desiccating  alcohol.  The  carbonate  absorbs  the  water,  and 
forms  a  heavy  solution  on  which  the  alcohol  tkiats.  When  distilling, 
both  solutions  may  be  poured  into  the  still  together,  and  distillation  in 
a  water-bath  continued  as  long  as  anything  comes  over.  The  residual 
.solution  of  potassium  carbonate  may  then  be  evaporated  to  dryness  in 
an  ordinary  iron  saucepan,  and  used  again  for  the  same  purpose. 

Absolute  alcohol  has  a  specific  gravity  of  O'TUUT  at  15°  C.  The 
percentage  of  water  is  usually  obtained  by  observing  the  specific  gravity 
by  means  of  a  hydrometer.  This  is  a  glass  instrument  consi.sting  of  a 
weighted  bulb  and  stem  carrying  a  scale ;  the  hydrometer,  on  being- 
placed  in  a  liquid,  floats  higher  or  lower  according  to  its  density.  The 
specific  gravity  of  water  is  often  reckoned,  for  convenience,  at  1000 ; 
absolute  alcohol  is  then  .said  to  have  a  density  of  793-7.  A  hydrometer 
.should  be  procured  tVoni  the  instrument  makers  marked  in  single 
degrees  from  750  to  1000. 

Cool  down  some  of  the  distilled  alcohol  to  15°  C.,  and  pour  out  into  a 
hydrometer  jar.  (This  is  a  tall  glass  ve.ssel  in  winch  the  instrument 
can  just  float.)  Introduce  the  hydrometer,  and  ob.serve  the  density'  of 
the  Inpiid  ;  should  this  be  from  795  to  800,  the  alcohol  maybe  considered 
for  practical  ])urposes  aljsolute.  Mi.xtures  of  alcohol  and  water  of  the 
following  densities  are  also  i-equinal  : — 820,  830,  8G0,  880,  and  900 
ilegrees.  These  may  be  pr(q)ared  by  adding  water  to  methydati'd  spirit. 

Methylated  .spirit  has  itself  a  (lensity  of  about  820,  and,  when  re¬ 
distilled,  may  be  used  when  that  strength  is  directed.  Tin*  strength  of 


solutions  of  other 

degi-ees  of  s[)e(,-itic 

gravity'  is  given 

Itelow. 

Sijecitk- 

A1>S(>1  ate 

Siieeitle 

.\bsolute 

Ki'iivity 

Alfoliol, 

^u-avity, 

Alcohol, 

at  15-5  C. 

by  volume,  %. 

at  15-5  e. 

by  volume,  /. 

1-0000 

0-00 

0-8599 

81-44 

0-9499 

41-37 

0-8299 

91-20 

0-9198 

57 -OG 

0-8209 

93-77 

0-8999 

G5-85 

0-7999 

98-82 

0-8799 

73-97 

0-7938 

100-00 

In  order  to  obtain  diluted  spirits  of  tlui  other  gra\ities  re([uired, 
-water  may  l)e  added  in  the  recjuisite  proportion  to  methy-Iated  spirit. 
As  alcohol  and  water,  on  lieing  mi.ved,  contract  in  voluiiu!  {i.e.,  50  c.c. 
of  alcolujl  and  50  c.c.  of  water  jiroduce  less  than  100  c.c.  of  tla;  mi.vture), 
the  amount  of  water  to  be  added  to  the  iiadhylated  s[)irit  to  pi-oduce 
<>ach  degree  of  dilution  cannot  be  calculated  witli  absolute;  e.xactness, 
but  still  sullicieiitly'  near  for  presemt  pur[>o.s(;s.  IxnoMing  that  alcohol 
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of  sp.  i>'i\  of  8'JO  contains  93'77  of  alcohol  aiul  of  \vat(‘i’,  the  quantitv 
necessary  to  he  added  is  detenniiu'd  hy  tin;  following  fonnula  : — 

A  =  percentage  of  absolute  alcohol  in  stronger  spirit. 

«=  „  ,,  weaker 


AV  = 


water 


stronger 

O 


70=  „  _  „  weaker  „ 

(,)  =  (piantity  of  watei'  to  he  ailded  to  100  e.c.  of  the  lower  sp. 
gr.  spirit  to  })roduce  the  higher  s}).  gr.  spirit. 


Then  _  A  x  w 

^  a 

From  this  formula  it  is  found  that  to  lOO  c.c.  of  821  >  spirit  the 
following  a})})roximate  (juantities  of  water  must  he  added  to  produce  the 
spirits  of  correspondingly  higher  gravities: — «[).  gr.  8.30,  .3  c.c.;  870,, 
21  c.c.  ;  900,  43  c.c. 

639.  Diastas©. — Take  2  or  3  kilograms  (o  or  G  Ihs.)  of  finely 
ground  pale  l)arley  malt,  adil  sullicient  water  to  completely  saturate  it, 
and  when  saturated  to  slightly  cover  it.  Allow  this  mi.vture  to  stand 
for  three  or  four  hours,  and  then  squeeze  as  much  as  pos.sihle  of  the 
.solution  out  hy  means  of  a  filter  press.  Should  the  licjuid  not  he  bright, 
it  must  he  filteied.  To  the  clear  bright  .solution,  add  alcohol  of  .sp.  gr. 
830  as  h)ng  as  it  forms  a  precipitate,  and  until  the  li)piid  becomes 
opah'scent  or  milk}'.  Ahish  this  jirecipitate  with  alcohol  of  sj).  gr. 
8G0 — 880,  and  finally  with  absolute  alcohol.  Pre.ss  the  precipitate 
between  folds  of  cloth,  in  order  to  di'y  it  as  much  as  possible.  Then 
place  the  precipitate  in  a  dish,  and  keep  under  tin;  e.xhausted  receiver 
of  an  air-pump,  together  wdth  a  vc's.sel  containing  concentrated  sulphuric 
acid,  until  the  weight  becomes  constant.  The  kind  of  air-pump  known 
as  a  imu’ciiry  sprengel  {)ump  is  best  litted  for  this  jiurpose.  Prepared 
and  dri(‘d  in  this  manner,  diastase  is  a  white,  easily  s))luble  powder, 
retaining  its  activity  for  a  considerable  time.  Ston*  the  substance  in  a 
dry  stoppereil  bottle,  and  keep  in  a  cool  and  dry  place. 


640.  Method  of  Performing  Analysis. — The  analytic  opera¬ 
tion  is  performed  in  the  following  manmu' :  — Weigh  out  accurately  5 
grams  of  the  tinely  groujid  meal  or  Hour;  introduce  this  quantity  into  a 
wide-necked  lla.sk,  with  a  capacity  of  100  to  120  c.c.  (a  four  ounce 
conical  flask  will  be  found  most  convenient).  Add  suflicient  alcohol  of 
sp.  gi'.  82(1  to  just  saturate  tlu^  Hour,  and  then  2()  to  25  c.c.  of  ether. 
Cork  the  flask,  and  set  aside  for  a  few  hours,  shaking  up  occasionally. 
Decant  the  clear  ethereal  solution  through  a  Hlter,  wash  the  residue 
threes  or  four  times  with  fresh  (piantities  of  ether,  pouring  the  washings 
each  time  on  the  filter.  To  the  I'csidue  add  80  to  90  c.c.  of  alcohol  of 
sp.  gr.  of  900  ;  re  cork  the  flask,  and  maintain  the  mi.xture  at  a  tempera¬ 
ture  of  :55°  to  38°  C.  for  a  few  hours,  shaking  occasionally.  When  the 
alcohol  solution  has  b('come  clear,  decant  it  through  the  Hlter  usc'd  for 
filterin''  the  ether  solution,  and  wash  fhe  I'csidue  a  few  times  with 
alcohol  of  the  strength  and  temperature  dii’ccted  above.  Wash  the 
residue  in  the  flask,  and  any  that  may  be  on  the  filter,  into  a  beaker 
Ciqiable  of  holding  500  c.c.,  and  nearly  fill  tlu'  beakei-  with  water.  In 
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alioiit  twenty-four  liours  tlie  supernatant  lifinid  l)ecoines  clear,  wlien 
ijradually  decant  tlirovpyli  a  lilter.  Wash  tlie  residue  n-peatedly  witli 
water  at  .‘15°  to  58°  C.,  and  tlien  transfer  to  100  c.c.  l)eaker.  Take 
the  filter  from  the  funnel,  open  out  the  papt'r  on  a  <,dass  plate,  and 
remove  eveny  particle  by  means  of  a  camel  hair  brush  cut  short,  and  a 
Gne-spouted  wash-bottle.  Having  thus  transferred  the  whole  of  the 
residue,  the  beaker  should  not  contain  more  than  40  to  45  c.c.  of  licpiid. 
Boil  for  a  few  minutes  in  the  water  bath,  care  being  taken  to  stir  well 
in  order  to  prevent  “  balling,”  or  unec^ual  gelatinisation  of  the  starch. 
After  this,  cool  down  the  beaker  still  in  the  Ijath  to  G2  to  6.1  C.,  and  add 
0-0‘25  to  0-0:15  gram  of  diastase  dis.solved  in  a  few  c.c.  of  water.  In  a  few 
minutes  the  whole  of  the  starch  is  dissolved,  and  a  trace  of  the  licpiid 
gives  no  discolouration  with  iodine.  Continue  the  digestion  for  about  an 
hour,  then  raise  the  bath  to  the  boiling  point,  and  boil  for  eight  or  ten 
minutes.  Pour  the  contents  on  to  a  lilter,  and  receive  the  Gltrate  into  a 
100  c.c.  measuring  flask  ;  carefully  wash  the  residue  with  small  rjuantities 
at  a  time  of  boiling  water.  Cool  the  Hask  to  15-5°  C.,  and  make  up  its 
contents  to  100  c.c.  with  distilled  water.  Should  the  washings  and 
solution  exceed  100  c.c.,  they  must  be  evaporated  down  to  that  amount. 

Take  a  polarimetric  reading  of  this  solution  in  the  20  centimeter 
tube.  Five  c.c.  of  the  solution  is  a  convenient  quantity  to  take  for  the 
estimation  of  maltose.  This  is  rather  a  small  quantity  to  measure  accu- 
i-ately  ;  it  may,  if  wished,  be  weighed  instead,  or  25  c.c.  may  be  taken 
and  diluted  down  to  100  c.c.  with  water;  20  c.c.  of  the  diluted  solution 
may  then  be  taken  and  added  to  25  c.c.  of  Fehling’s  solution  and  50  c.c. 
of  water.  Proceed  as  before  described  with  the  estimates,  and  calculate 
the  quantity  of  maltose  from  the  weight  of  precipitated  Cu.p.  Calcu¬ 
late  the  relative  percentages  of  dextrin  and  maltose  in  the  usual  manner. 
Starch  produces  its  own  weight  of  dextrin  and  =  1‘054G  its  weight 
of  maltose.  To  obtain  the  weight  of  starch  from  the  dextrin  ajid 
maltose  it  produces,  the  weight  of  the  dextrin  must  be  added  to  that  of 
the  maltose,  divided  by  1-052G  or  multiplied  by  0'95.  These  calcula¬ 
tions  will  be  rendered  clear  by  the  study  of  the  following  example  taken 
from  O’Sullivan’s  paper. 

In  the  analysis  of  a  sample  of  white  wdieat,  4‘94  grams  were  taken. 
The  100  c.c.  solution  had  an  optical  activity  equivalent  to  8-52°  for  Si), 
and  contained  2T95  grams  of  maltose. 

2T9G  X  2-78  =  GT0°,  angular  rotation  due  to  maltose.  8-52°-6T0°  = 
2'42°,  angular  rotation  due  to  dextrin.  |;^  =  0’G05  gram  of  dextrin 
in  100  c.c. 

.Maltose,  2-19G  =  starch,  2T9G  x  0-95  =  2-08G 

Dextrin,  O'GOo  =  starch,  0'G05 


Total  starch  =  2'G91 

2-G91  X  100  .  f  ,  1  e 

- =  o4'4/  i)er  cent,  of  starcli  iire-sent. 

4-94  ^  ‘ 

A  duplicat<^  analysis  on  G'009  grams  diU'ered  only  by  0'().‘1  peu'  cent 
In  the  absence  of  diastase,  starch  may  usuall}'  be  determined  with 
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.sutlicieiit  iiccui'acy  for  tocliiiical  purposes  in  Llie  following  nianuer  : — 
lieuiDve  by  washing  or  otherwise  all  other  cai'bohyclrates,  and  gelatinise 
tlu;  starch  by  heating  with  water.  Front  :i  known  weight  of  the  same 
viiriety  of  sttireh  prepare  ti  solution  of  ;ippro.Niinately  the  same  strength. 
Put  5(1  c.c.  of  (iiich  in  ii  separate  Ihisk,  and  add  .50  e.e.  of  10  per 
cent,  sulphuric  acid.  Cork  the  two  flasks,  tind  stand  in  a  hot-w!iter 
biith  until  a  drop  on  being  taken  out  gives  no  reaction  with  iodine 
solution.  Then  neutralise  by  adding  solid  caustic  potash  in  small 
fragments,  until  the  solution  gives  a  f.iintly  iilkaline  reaction  to  litmus 
paper;  and  precipitate  from  10  to  25  c.c.  of  the  solution,  according  to 
strengtii,  with  Fehling’s  solution.  Knowing  by  the  test  with  pure 
starch  what  weight  of  Cu./)  it  preci})itates  under  these  conditions,  the 
quantity  of  starch  in  the  substance  being  tested  can  be  readily  cal¬ 
culated. 

In  the  Analy.st  of  1887  is  published  a  method  by  Asbdth  for  the 
determination  of  starch  by  direct  precipitation  with  barium  hydrate. 
The  methoil  depends  on  the  fact  that  barium  hydrate  added  to  a  starch 
solution  forms  a  jirecipitate  of  “  baryta  starch,”  which  contains  definite 
proportions  of  both  starch  and  barium  oxide,  BaO.  AVith  wheat  starch 
the  amount  of  ba.se  in  the  dried  precipitate  is  19'8  })er  cent,  of  the 
total,  leaving  80  2  per  cent,  of  starch.  If  the  liarium  oxide  in  this 
precipitate  b(‘  determined  and  multiplied  by  d'Oo,  the  result  is  the 
weight  of  starch.  The  most  convenient  plan  is  to  add  e.xcess  of  barium 
hydrate  solution  of  known  strength,  and  then  titrate  the  clear  lilti-ate, 
calculating  barium  oxide  in  the  prticipitate  by  dilierence.  The  standard 
solution  of  barium  hydrate  is  kejd  in  a  liottle  arranged  with  tubulure, 
to  which  is  attached  the  burette.  Air  is  admitted  to  both  buiette  and 
bottle  through  tubes  chai’ged  with  solid  caustic  potash  to  absorb  all 
carljon  dioxide.  The  following  method  of  anah'sis  is  a})})licabl(',  to 
wheaten  Hour  : — AVeigh  out  about  .‘1  grams  of  the  Hour,  dry,  and  e.x- 
tract  the  fat  with  j)etroleum  sjiiidt  ;  evaporate  oH'  the  spirit,  and  rub  up 
in  a  mortar  with  small  (piantities  of  wati'r,  and  transfei’  to  a  250  c.c. 
Hask  ;  make  up  to  about  100  c.c.  with  water,  heat  in  tin*  watei'  bath 
for  half  an  hour,  stirring  from  time  to  time  to  prevent  “  balling.” 
After  cooling,  atld  50  c.c.  (T'  baryta-water,  cork  and  shake  well  for  two 
minutes.  Fill  up  to  the  mark  witli  prtmf  spirit,  and  again  shake. 
Allow  to  stand  for  ten  minut(‘s,  and  meantime  standardi.se  10  c.c.  of 
the  baxyta water  on  A  hydrochloric  acid.  If  tlu>  solution  is  clear, 
jiijiette  oil' 50  c.c.  ;  if  turbid,  lilter  through  glass  wool,  and  then  pipette 
oil' from  the  iilti'ate.  Titrati^  the  sxxlution,  and  deduct  tlu*  (piantity  of 
acid  required  from  that  taken  by  10  e.c.  of  the  baryta-watei’.  (.'alculatx' 
the  (liH'erencc!  into  its  e(|uivalent  of  barium  oxide  (1  c.c.  A  acid  = 
O'OOTHo  gi-ams  of  BaO).  Alultijily  ly  5  and  then  by  105,  and  the 
result  is  the  weight  of  starch  in  tlu‘  (piantity  taken  for  analysis. 

The  dextrin  present  in  the  Hour  is  also  precipitated,  and  w  ill  count 
as  starch.  This  may  be  determined  si'pai'ately,  and  deducted  from  tlu* 
starch  as  determined  ly  this  metliod. 

641.  Estimation  of  Dextrin  and  Soluble  Starch.  It 

occasionally  becomes  necessary  to  estimate  dextrin  in  tlu'  pri'senct*  of 
soluble  starch,  as,  for  instance,  in  bread  soluble  extracts.  The  following 
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nu'tluul  may  then  lu'  iulopted  ; — Take  lM)  c.c.  of  tli(>  solulilo  exti'act  and 
add  to  -JoO  o.c.  of  redistilled  s]iirit.s  ;  if  the  precipitate  is  very  little, 
tak(‘  doultle  tlu'  ipuintitii'S  ;  lilter  and  pi’oce('(l  with  the  estimation 
precisely  as  previously  directed  for  dextrin.  Control  tlu'  results  l)y 
determining  })rot('ids  in  the  (lrie(l  and  weighed  ju’ecipitate  the  n-sidue 
is  a  mixture  of  dextrin  and  starch. 

]’roc(>ed  to  estimate  the  starch  in  the  following  mannei'  ;  - -Prepare 
lirst  of  all  the  following  rt'agents  : — 

O’r)  p('r  cent,  solution  of  wheat  starch. 

T)  ]H*r  cent,  solution  of  sulphuric  acid. 

Solution  of  iodine  in  potassium  iodide  of  sherry  tint. 

Take  two  graduated  Nessler  glasses,  and  add  to  each  Od  c.c.  each  of 
it)dine  scplution  and  sulphuric  acid  ;  make  up  to  hO  c.c.  with  distilled 
water.  To  one  add  O'o  c.c.  of  starch  solution,  and  stir  :  to  the  other 
add  the  diluted  soluble  (‘xtract  from  a  burette  until  there  is  the  same 
dei)th  of  blue  tint  in  each.  The  solution  to  be  tested  is  conveniently 
of  appi'o.ximately  the  same  strength  as  the  standard  starch  solution. 
If  this  first  test  shows  it  to  be  too  concentrated,  dilute,  and  repeat  the 
estimation.  Having  read  otf  tlai  solution  necessaiy  to  match  the  O'O 
c.c.  of  staiidai’d  starch,  add  amjther  O'O  c.c.  to  the  standard  in  the 
Nessler  glass,  and  again  run  in  the  extract  solution  until  the  ca)lours 
are  of  etjual  d('pth  of  tint.  Take  the  reading,  and  add  another  0-5  c.c., 
and  repeat  the  titration.  In  this  way  three  separate  leadings  are  ob¬ 
tained,  which  should  closely  agree.  The  following  are  results  obtained 
in  an  actual  analysis  :  — 


Stamlard  Stanli  Solution. 

0-5  c.c. 

1-0  „ 

Im  „ 

••bU  „ 


Diluteil  Bread  E.xtraet. 

O'hO  c.c. 

O-oh  „ 

0'85  ,, 

1-bO  „ 


Tin'  whole  of  these  c(jme  very  clo.sely  togetlun-,  and  it  was  assumed 
that  Po  c.c.  of  the  biead  extract  contained  as  much  starch  as  3-0  c.c. 
of  the  standard  starch  solution. 

To  ensure  success  w  ith  this  method  of  starch  estimation  the  .solutions 
must  be  dilute,  and  there  should  lie  no  other  colour-producing  body 
than  starch  jiresent.  TIu'  iodine  must  not  he  in  large  excess,  but  must 
give  a  jmre  blue  colour  with  starch  :  too  much  produces  a  dirty  grc'enish 
blue.  but  the  iodine  must  be  in  excess  of  the  starch  present.  To 
ascertain  this  by  trial,  after  a  titration,  add  a  few  drojis  more  starch 
and  the  colour  .should  darken,  both  tests  must  lie  made  up  with  pre¬ 
cisely  the  same  (luantity  of  each  reagent. 

Having  determined  the  starch  in  this  manner,  deduct  the  amount 
from  the  total  nf  starch  and  dextrin  precipitated  by  alcohol  ;  the 
dili'erence  is  dextrin. 


649  Estimation  of  Cellulose. — The  student  already  knows  that 
cellulose  has  the  same  chemical  compijsition  as  stai'ch,  but  that  it  dill'ers 
fi'om  that  body  in  being  insolubh;  in  boiling  water,  'fhe  cellulose  or 
woody  fibre  of  grain  has  Iksui  estimated  at  about  1 0  per  cent,  of  tin* 
whoh^ ;  but  of  this  much  is  soluble  in  the  digestive  secretions  of  aniniids, 
particularly  those  which  laiminate,  therefore  an  I'slimation  of  cidlulostp 
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sinijily  is  iioL  the  one  most  viiliiiil)le  to  tlie  cluMiiist  whose  investigation 
is  made,  foi'  the  purpose;  of  determining  the  food  value  of  a  substance'. 
^\  hat  for  this  j)urpose  sliould  be'  aseertaineel  is  tliat  percentage  of  the 
grain  or  Hour  wliich  is  e'jecteel  from  the;  alinu'utary  canal  in  an  unalte'reel 
conelition.  A  process  is  therefore  se'lecte'd  which  is  some'what  similar 
to  the  digestive;  action  which  proce'e'ds  in  the;  stomach,  this  action  be'ing- 
imitated  ley  alternate  treatment  witli  dilute'  aciel  anel  alkali. 

643.  Special  Reasrents  Necessary.  The  lirst  of  tlu'se  is  a  b 
pe'r  cent,  solution  of  sulphuric  aciel.  In  a  small  beaker  weigh  out  100 
grams  of  the  concentrate'd  acid,  and  make  ip)  to  two  litres.  In  the 
next  place  prepare  a  12  per  cent,  solution  of  caustic  iieetash  by  weighing 
out  240  grams  of  the  pure  dry  sticks,  dissolving,  anel  making  up  to  two 
litres  with  water.  It  is  important  that  20  c.c.  of  the  acid  solution 
shoukl  be  ai^proximately  neutralised  by  10  c.c.  of  the  alkali. 

644.  Mod©  of  Analysis. — Take,  o  grams  of  the  meal  or  Hour,  and 
mix  them  thoroughlv  with  l-oO  c.c.  of  water  in  a  beaker.  Stand  this 
in  a  hot  waiter  bath,  and  raise  to  a  boiling  heat  in  order  to  eft'ect  the 
gelatinisation  of  the  starch  ;  stir  fre-epiently  with  a  glass  I'od  ;  adel  bO 
c.c.  of  a  5  per  cent,  solution  e)f  sulphuric  acid,  and  continue  the  boiling 
for  an  hour,  stirring  occasionally,  and  maintaining  the  volume  at  200  c.c. 
by  adding  from  time  to  time  a  little  waitei-.  (The  proper  volume  should 
be  indicated  by  a  mark  made  with  the  diamond  on  the  outside  of  tlu' 
beaker.)  The  acid  wdll  by  this  time  have  converted  the  starch  into  sugar. 
To  this  solution  next  add  50  c.c.  of  the  solution  of  caustic  potash  ;  this 
(piantity  will  neutralise  the  free  acid,  forming  jiotassium  sulphate,  and 
will  leave  an  e.xcess  of  alkali  in  the  solution  approximately  equivalent 
to  the  amount  of  acid  Hrst  used.  Again  boil  in  hot-water  bath  for 
an  hour,  adding  water  to  supply  that  lost  l)y  eva])oration,  and  occasion¬ 
ally  stirring.  At  the  end  of  this  time,  dilute  wdth  cold  water,  stir,  and 
allow  the  residue  to  subside.  Wash  by  d(;cantation,  using  large  (pian- 
tities  of  tap  water  (provided  it  is  absolutely  free  from  sediment),  jiour- 
ing  as  little  as  po.ssible  of  the  residue  on  to  the  paper.  Stout,  well- 
made  (luantitative  Hlters  of  about  eight  or  ten  inches  diameter  should 
b('  employed:  the  author  uses  those  of  Schweniker’s  make.  Next 
transfer  the  residue  to  the  filter,  and  wash  onci'  with  dilute  hydrochloric 
acid,  in  order  to  dissolve  any  calcium  enrhonate  that  may  be  precipi- 
tati'd  from  ordinaiy  waiter  by  the  potash.  TIh'u  wash  with  distilled 
w'ater  till  free  from  acid,  and  allow'  tlu'  tilter  to  drain.  While  still 
wet,  remove  the  filter  paper  from  the  funnel,  carc'fully  spread  it  out  Hat 
on  a  slu'et  of  glass,  and  with  a  wash  bottle  and  short  camel’s  hair  brush, 
ti'ansfer  tlu;  w'hole  of  the  n'sidiu'  to  a  counterpoised  glass  dish  ;  dry  in 
the  hot-water  oven  and  weigh.  The  dry  rc'sidue  multiplied  by  20  gives 
the  percentage  of  indigestible  fibre  in  the  sa,m])l('. 

645.  Glycerin  Method  of  Cellulose  Estimation.  -A  method 

of  estimating  crude  fibre  has  Ix'en  devised  by  Hbnig,  based  on  the  fact 
that  albumin  and  starch  bi'conu;  soluble  in  watei-  after  lu'ating  with 
glycerin  to  210°  C.,  at  which  tc'inpi'rature  cellulosi'  is  Jiot  attacked. 
'I'lu'  follow'ing  is  a  modification  of  this  method,  jiroposed  by  (labiel,  in 
order  to  provide  for  tlu;  solution  of  certain  substances,  both  nitrogenous 
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and  iion-iutroi^c'iious,  otlu'r  than  cidliilosc  wliicli  arc'  iinattackc'd  hy 
i;lyo('rin  aloiu' :  A  solution  of  caustic  alkali  in  ,<j:lyc(,'rin  is  |)rcparc(l  hy 
riissolvin<i  o-rains  of  caustic  potash  in  jrlyccrin,  and  in.aking  up  to 
1  litrcN  For  making  the  analysis,  2  grams  of  the  suhstance  are  heated 
in  a  ’J.jO  c.c.  ilask  on  a  piece  of  M'ire  gau/.ci  over  a  naked  11a me,  with 
<;0  c.c.  of  the  potash-glycerin.  At  about  1:50°  C.  a  vigorou.s  reaction 
occurs,  and  care  must  he  taken  that  none  of  tlie  solution  is  lost  hy 
foaming.  At  a  tc'uip.erature  of  16(1°  C.  the  reaction  is  for^  the  most 
part  tinished.  after  which  the  temperature  is  raised  to  1^0  C.  1  he 
mixture'  is  thc'n  poured  into  l2()()  c.c.  of  hoiling  watc'r,  well  stirred, 
allowed  to  settle,  and  the  supc'rnatant  licpiid  removed  hy  ujiward  hltra- 
tion  through  a  funnel  having  a  piece  of  linen  tied  ovc'r  the  end.  (1  he 
material  knoMii  as  swansdown  answers  well  for  such  filters.)  Ihe 
rc'sidue  is  again  boiled  with  200  c.c.  of  watc'r,  allowed  to  settle  and 
filtered,  and  a  third  time  with  the  .same'  cpiantity  of  water  to  which 
.')  c.c.  of  2.6  per  cent,  hydrochloric  acid  have  hc'cn  addc'd.  The  residual 
tihre  is  washed  with  alcohc^l  and  ether  and  dric'd.  The  extremely  small 
(piantity  of  nitrogenous  substances  left  in  the  crude  fibre  appears  to  be 
in  most  cases  negligible. 

The  centrifugal  separator  has  bc'en  called  into  recjuisition  for  fibre 
estimations.  This  machine  consists  of  a  wheel  making  some  6000  or 
1000  revolutions  per  minute,  on  the  circumference  of  which  vessels  are 
attached  ;  thc^  centrifug<al  action  acts  like  gravitation,  only  w’ith  far 
more  intensity  in  separating  bodic's  whose  specific  gravity  is  diflerc'iit. 
The  c|uantity  of  material  taken  for  analysis  is  1  gram  ;  in  event  of  this 
containing  any  considerable  cpiantity  of  fat,  it  is  first  shaken  up  with 
20  c.c.  of  ether  in  a  proper  tube,  and  subsecpiently  rotatc'cl  in  the 
machine.  The  supernatant  ether  is  poured  off,  and  the  substance  .sub¬ 
jected  twice  more  tej  the'  same  operation  with  ether,  being  each  time 
shaken  up,  and  then  trc'ated  in  the  centrifugal.  The  ether  is  driven  otl 
thc'  residue  by  heating  in  the  water-bath,  30  c.c.  of  hot  water  added, 
and  the  heating  continued  for  about  10  minutes,  the  contents  of  the 
tube  being  stirred  with  a  glass  rod  flattened  at  thc;  end.  Aext,  10  c.c. 
of  .6  per  cent,  (by  volume)  sulphuric  acid  are  added,  and  the  heating  and 
stirring  continued  for  another  30  minutes.  The  tube  is  now  rotated  in 
the  seicarator,  at  a  speed  of  at  Ic'ast  2000  rc'volutions  per  minute,  for 
about  3  or  4  minutes.  Mcjst  of  the  insoluble  matter  is  separated 
in  a  compact  form  on  thc^  bottom  cjf  the  tube ;  the  turbid  licpncl  is 
poured  off  cm  to  a  weighed  or  counterpoised  filter  sufliciently  large  to 
hcdcl  the  contents  of  the'  tube.  The  tube  is  then  refilled  vitli  40  c.c.  of 
hot  watc'r,  stirre-d  repc'ateclly  during  a  iieriod  of  from  10  to  15  minutc'.s, 
the  tube  being  mc'anwhile  suspc-ndc'd  in  the  water  bath.  'Ihe  tube' is 
again  rotated,  thc;  clear  licpiid  pourc'd  oft'  cm  the  filter,  and  the  washing 
repc'atc'cl  in  the  same  way.  The'  residue  is  nc'xt  tre-ated  with  .10  c.c.  of 
hot  water,  ami  10  c.c.  of  a  5  pc'r  cent,  solution  of  caustic  jiotash,  heatc'cl 
in  the-  water-bath  and  stirred  rc'peatc'clly  during  30  minute's.  1  hc'  tube 
is  placed  in  thc;  sc'parator,  and  thc'  rc'siduc'  washed  in  thc;  same  way  as 
aftc'i-  the;  acicl  trc'atment.  4  he;  fibre;  is  nc'.xt  thrown  cm  to  the;  filter, 
washc'd  in  succession  with  alcohol  and  c'thc'r,  and  clric'd  and  weighed  in 
the*  usual  way. 
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ANALV.SIS  OF  liODIFS  COXTAIMN(i  CAliliOlI \  DRAT FS. 

646.  Malt.— It  is  comparatively  rarely  that  for  leakers’  ])urpose.s 

an  anal3’sis  or  assay  of  malt  is  reijuired.  The  princij)al  point  is  th(‘ 
character  and  amount  of  extract  it  affords  on  l)(‘in,e  mashed  ;  to  this 
refeiaoice  has  already’  been  made  in  Chaj)ter  Xfl  ,  paragraph  A 

miniature  mash  of  the  same  proportions  may  be  niafle  in  the  follow  ing 
manner; — Finely  grind  the  sample  of  malt,  mix  thoroughly,  and  veigh 
out  loS  grams;  mix  with  about  900  c.c.  of  warm  water,  and  place  in  a 
wat(*r-b<ath  maintained  at  a  temperature  of  0)0°  C.  Let  it  r(‘main  until 
a  drop  taken  out  after  stirring  gives  no  starch  or  anndode\trin  reaction 
with  iodine.  Then  raise,  to  the  boiling  point,  cool,  and  transfer  the 
whole  to  a  litrt'  ilask  ;  make  up  to  th(>.  mark  with  distilled  water ; 
pour  out  into  a  larger  Ilask  oi-  beaker,  and  add  anothei-  50  c.c.  of  water. 
Thoi’oughl^"  mix,  allow  to  settle,  and  take  the  density  of  the  supernatant 
licpud,  at  a  temperature  of  15'5°  C.,  h^'  means  of  the  hydrometer.  The 
quantities  taken  are  equivalent  to  40  gallons  of  wort  from  63  lbs.  of 
malt  :  the  (vxtra  50  c.c.  are  allowed  in  oialer  to  provide  for  the  average 
amount  of  “grains”  resulting  from  this  quantitv'  of  malt.  Thtu’e  are  thus 
1000  c.c.  of  wort  from  158  grams  of  malt.  The  })ercentage  of  solid 
extract  }delded  by  the  malt  is  readilj'  calculated.  Thus,  supposing  in 
a  test  the  hydrometer  density  is  10.'35,  then  : 

X  IQ  ^  QQ.Q  ^rcams  of  solid  extract  in  1000  c.c.  of  wort. 

3-85 

As  158  :  100  90'9  =  57'53  per  cent,  of  solid  extract 

The  whole  of  the  constants  in  the  above  mav  be  reduced  to  one  sinirle 
factor,  1'644,  and  we  then  have 

(1035—  1000)  X  1-641  =  57 '54  per  cent,  of  solid  extract. 

For  a  detailed  description  of  the  method  for  an  exhaustive  assay  of 
malt,  the  reader  is  referred  to  INIoritz  and  Morris’  “  Science  of  Hrewing,” 
pages  459  et  set/. 

647.  Malt  Extracts.  —  The  following  d(>ternnnations  should  be 
made  in  analj'sing  extracts  of  malt  and  similar  preparations  : — lleduc- 
ing  sugars,  cane  sugar,  dextrin,  proteids,  water,  phosphoric  acid  (PjOg), 
other  mineral  matter,  specific  rotator^’  jxiwer,  and  diastasic  capacity  b\- 
LintTier,  or  other  methods  luu-einaftei-  (h'seribed.  A  ten  j>er  cent; 
.solution  of  the  suhstance  should  fii-st  be  prepared,  which,  either  with  or 
without  dilution,  may  he  employed  for  the  following  estimations. 

Reducing  Si/i/ars. — Tak(>  9  c.e.  of  lU  j)er  cent,  .solution,  and  precipi- 
lat(“  as  usual  with  Ih'hliug’s  solution  (30  cc.). 

Cane  Sii^ar. — This  is  convcuiiently  (h'termim'd  by  O’Sullivan’s 
method.  Tak(‘  90  c.c.  of  10  ])er  c(‘nt.  solution,  make  up  to  100  c.c., 
raise  to  55°  (j.,  and  add  0-9  grams  of  .solid  bi-ew('rs’ yeast  '  (pi-epare<l  by 
dryii’.g  tlu^  lirpiid  veast  on  a  towed ),  digest  in  a  constant  temperature' 
wate'i-  hath  at  55”  (J.  for  feeur  hours,  make'  up  le».ss  Iq-  evajieiratieui  (eir 
cejueluct  thee  eepe'ration  in  a  tightly  e-orke'el  Ilask),  filte'r,  anel  eh'termine' 
re-elucing  sugars  in  10  c.e-.  by  f'e-hling’s  seelution.  'I’lie'  elitl'e-re'nce'  in 

'  'I’lio  luit.lioi-  iiiids  that  ceanprcs.seel  (li.stillci-.s’  yua.st  free  freni  .stare-li  eiu.swcr.'i 
eei|ually  well. 
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woiii'lit  of  Ciu* )  obtaiiiod  in  this  and  tho  procodinn'  dotonnination  is 
Cu,_,( )  rodncod  liy  the  iflufose  from  cane  sugar,  and  is  readily  calculated 
into  tlu'  percentage  of  that  hody. 

Dextrin. — Tak(^  -0  c.c.  of  o  pen-  cent,  solution,  add  to  2.00  c.c.  of 
spirit,  and  proceed  as  descrihed  under  Estimation  of  Dextrin,  pai-a- 
graph  ()2r).  Should  the  amount  of  precipitate  ho  very  .small,  recom¬ 
mence  the  estimation,  using  the  10  )i('r  cent,  solution.  Determine 
proteids  hy  Kjeldahl’s  process  in  the  dried  and  wadght'd  precipitate  ; 
deduct  from  tlu'  weight  of  precipitati',  and  calculate  as  dextrin. 

Proteids. —  Determine  direct  hy  Kjeldahl’s  process  on  DO  gram  of  the 
extract. 

Water. — Take  -a  grams  of  extract,  dry  till  weight  is  constant  in 
a  platinum  hasin  ;  about  .'56  hours  are  necessary  at  100°  C.  hen 
speed  is  an  object,  either  a  smaller  (|uantity  (DO  gram)  may  h(‘  used,  or 
an  oven  at  110°  (J.  employed. 

— Ignite  the  dried  re.sidue  from  .l-O  grams  (i-esiduum  from  water 
estimation)  until  a  wliite  ash  is  obtained.  Not(',  the  e.xtract  sometimes 
swells  up  enoianously  as  it  carbonises  ;  in  such  cases  allow  to  cool,  and 
break  down  the  carbonaceous  mass  so  that  it  lies  easily  in  the  dish. 
(This  should  be  done  on  a  sheet  of  glazed  paper.) 

Phosphoric  Acid. — Dissolve  tlie  ash  in  dilute  nitric  acid  (1  to  3),  and 
jiroceed  with  estimation  bv  molybdate  and  “  magnesia  mixture  ”  (see 
paragraph  .691).  The  ash,  less  pho.sphoric  acid,  gives  “other  mineral 
matter.” 

Specific  Rotatory  Power.-  -'Plixkc  up  a  20  per  cent,  solution  of  the 
extract,  and  take  a  polarimetric  rearling  precisely  as  described  in  para- 
l;rai)h  G3.6  on  Polarimetric  Determination  of  Dextrin  and  Maltose. 
Calculate  out  the  specitic  rotatory  jiower  both  on  the  whole  and  the 
dried  extract  :  oi',  if  jireferred,  the  rotatory  pow'cr  per  gram  of  either 
whole  or  dried  extract  may  be  calculated.  For  the  vhole  exti’act, 
with  a  20  pm-  cent,  solution,  this  is  t.V  ‘'f  total  angular  rotation. 
Sujjposing  in  the  case  of  an  extract  the  total  solid  matter  to  be  80  jier 
cent.,  and  the  observed  rotation  32'4°,  then 

32-4- 

=  DG2°  rotator}'  power  per  gram  of  whole  extract  ; 

and  — -  =  2  02°  rotatory  power  per  gram  of  dried  extract. 

d'he  specitic  rotatory  power  may  be  obtained  by  multiplying  by  .50 
in  each  cast*. 

Calculation  of  Results — The  reducing  sugar  of  juire  malt  extracts, 
obtained  by  conceidrating  the  wort  produced  by  total  convm-.sion  of 
the  whole  malt,  consists  princi})ally  of  maltose.  Dn  calculating  it  as 
such,  and  adding  toge.ther  the  I'esults  (jf  the  wholes  of  the  determinations 
given,  then^  is  usually  an  excess  of  about  5  per  cent,  ovei'  100  :  this  is 
probably  due  to  some  of  tlni  reducing  sugar  being  glucose  instead  of 
maltose.  Dn  the  other  hand,  cold  wati-r  ('xtracts  of  malt  contain  only 
the  pnve.xistent  sugars  of  malt,  considm'abhr  propiirtions  of  which  are 
dextrose  and  hevulose  :  these,  if  worked  out  as  maltosi',  give  far  too 
high  a  result,  whih;  if  calculattsl  as  glucose,  the  result  is  U)o  low. 
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Again  the  explanation  is  tliat  in  addition  to  glucoses  there  is  maltose 
also  i)resent.  It  is  fret|uently  convenient  to  l)e  ahlt^  to  estimate  ap¬ 
proximately  the  relative  proportions  of  glucoses  and  maltose,  and 
this  may  he  done  in  tlie  manner  to  he  now  descrihed.  It  sliould 
first,  howev(*r,  he  jnentioned  that  doubtless  malt  extracts  contain 
certain  substances  which  escape  determination  in  all  the  estimations 
])reviously  given  ;  but  these  cannot  in  any  case  represent  a  large 
percentage  of  the  whole,  and  for  j)r(‘sent  purposes  ma}'  be  neglected, 
the  reservation  being  made  that  a  small  jiart  of  the  peicentage  returned 
as  sugar  may  consist  of  indeterminate  bodies.  Assuming  that  100,  less 
the  cane  sugar,  dextrin,  proteids,  water,  and  ash,  consists  of  reducing 
sugai  s,  then  we  have 

Total  reducing  sugar  by  diil'erence  in  100  grams  extract  =  8. 

^\’eight  of  cuprous  oxide  precipitated  liy  100  gi'ams  e.xtract=  W. 

,,  maltose  in  1 00  grams  = 

,,  glucose  ,, 

cuprous  oxide  precii)itated  by  1  gram  of  maltose  =  1 '238 
grams. 

,,  cuprous  o.xide  precipitated  by  1  gram  of  glucose  =  1 -983 
grams. 

Then,  //i+g=S.  (E(|uation  No.  1.) 
and  1-238  ///  -I-  1-983  g  =  W.  (E(iuation  No.  2.) 

From  these  the  values  of  ;//  and  g  may  be  determined  thus  : — 
Multiplying  ecpiation  No.  1  by  1-983,  and  subtracting  No.  2  from 
the  i)roduct,  we  get 


1  -983  -f-  1  -983  =  1  -983  8 

less  1  -238  /;/  -f- 1  983  g=  W 


=  1  -983  8  -  W 

l-9j<3  ,s  _  w 

“O-TToT 

W  -  1  -238  8 

In  the  same  way  »  = 


0-7 4.-)  /// 
and  w 


0-745. 

oi-  more  sinudy,  ,g=8  -  //i. 

The  following  ligures  were  obtained  in  the  analysis  of  a  sample  of 


malt  extract : — 


8  =  00-5.  "W  =  80. 


//I  = 


( 1  -983  X  005)  -  80 


8  — ^ 


0-745 

tlK'refon^ 


00-5- 


=  53-05. 

■)3-05  =  0-85. 


The  percentages  of  maltose  and  glucose  are  then-fore  res2>ectively 
53-05  and  0-85. 

I n  suljstances  sold  as  pui'c'.  mall  extraets  obtained  by  concc-ntration 
of  the  wort  of  the  entin-  mashed  malt,  the  ja-rcentagt-  of  glucost;  should 
not  (exceed  from  i  to  ’  that  of  malto.se;  any  higher  i>roportion  than 
this  should  b((  vi(‘wed  with  susjiicion. 

'I'he  other  calculations  reijuire  no  d(‘tailod  explanation. 

648.  Diastasic  Capacity  on  Lintuer’s  Scale.  For  br(‘wing 
jairposes  diastasic  caipacity  is  now  almost  invariably  detei-miiu'd  by 
biiitnei-'s  method,  and  tlie  i-esnlt  expres.sed  on  Eintner’s  standard,  or  in 
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'  decrees  Liiitner.’’  That  stamlard  is:— “The  diastasic  capacity  of  a 
malt  is  to  he  rciL’'arded  as  100,  when  O'l  c.c.  of  a  •)  per  c(“iit.  solution 
reduces  o  c.c.  of  Ih'ldiuif’s  solution.”  ^  ^ 

For  the  determination,  “soluble  starch”  and  standai'd  Fehling’s 
solution  are  iNujuired.  Tlu“  soluble  starch  must  he  pi'cpared  accoidiny 
to  the  method  descrihial  in  Chapter  VI.,  page  71).  It  is  well  to  allow 
the  digestion  with  acid  to  proceed  fully  as  long  as  direct(*d,  as,  uidess 
the  starch  is  nmdered  thoroughly  soluble,  it  naturally  gives  api)arently 
low  diastasic  results.  It  is  well  during  its  prejiaration  to  test  a  small 
portion  at  the  mid  of  seven  days  by  thorougidy  washing,  and  then 
ilissolving  in  lioiling  water;  the  solution  must  be*  absolutely  clear  and 
limpid.  When  about  to  make  an  estimation,  take  '2  grams  of  the 
soluble  starch  and  dissolve  in  hot  water,  cool,  and  make  up  to  100  c.c. 
If  t(‘sting  a  malt  or  Hour,  take  25  grams  (of  course,  thiely  ground)  and 
<li<;est  Avith  500  c.c.  at  ordinary  temperatures  for  tive  hours.  Filter 
until  perfectly  bright.  Arrange  ten  test  tubes  in  a  stand,  and  add  to 
I'ach  10  c.c.  of  the  soluble  starcli  solution.  Then  to  the  lirst  add  OT  c.c. 
of  the  solution,  to  the  secoiul  0'2  c.c.,  and  so  on  until  the  last  receives 
1 ’0  c.c.  Shake  them  tlioroughly,  and  allow  the  whole  to  stand  for  one 
hour  in  a  water  bath  maintained  at  the  constant  temperature  of  lO  k. 
I  )uring  this  time  the  diastase  will  have  converted  more  or  less  starch, 
according  to  its  strength.  Mext  add  5  c.c.  of  Fehling’s  solution  to 
t'acli  of  the  tubes,  shake  up,  and  place  the  whole  series  in  boiling  water 
for  ten  minutes.  Allow  the  precipitate  to  subside,  and  note  the  con¬ 
dition  of  the  tuljes;  in  some  the  blue  colour  will  probably  have  entindy 
<lisapj)eared,  showing  them  to  b('  over  reduced,  wliile  others  will  still  be 
more  or  less  blue.  Select  the  two  tubes  lying  together  in  which  one.  is 
slightly  over  and  the  other  slightly  under  reduced.  The  number  of 
c.c.  required  to  give  exact  reduction  will  lie  between  these,  and  should 
be  judged  according  to  which  it  appears  the  nearest.  Ihus,  siqipose 
as  nearly  as  possible  it  is  exactly  midway  between  Nos.  5  and  (’>,  then 
the  (|uantity  of  malt  solution  may  be  taken  as  O'oo  ;  while  if  No.  a  is 
full  yellow,  while  No.  6  is  only  veiy  faintly  blue,  then  one  would  give 
the  quantity  as  0'58  or  0'59,  according  to  how  near  in  ones  judgment 
it  appeared  to  be  to  the  Odi.  With  a  little  practice  one  soon  gets  able 
to  judge  very  closely  this  second  decimal.  If  the  result  of  a  test  gives 
0'5  c.c.  as  the  (juantity  of  malt  solution  reejuired,  then  the  sample  is 
evidently  only  one-tifth  of  the  standard  strength  of  100,  or 


OT  X  100 
0d)0^^ 


=  20°  Lintner  as  diastasic  capacity. 


But  there  is  a  certain  amount  of  inducing  sugar  extrsicted  from  malt 
by  cold  wabu’,  and  this  also  helps  to  r(Mluc(^  tlu^  ITddings  scdutioiu 
The  amount  of  tliis  is  determined  in  the,  following  manner  Tak(‘  o 
c.c.  of  Fi'hling’s  s(Tution,  10  c.c.  of  starch  solution,  and  10  c.c.  of 
watei',  and  rais(‘  to  the  boiling  point  in  a  small  Hash,  do  this  add  tlu' 
malt  solution  from  a  ljurettf!  until  tlu^  IT'hling  is  exactly  reduced ; 
then  determine  the  a])))arent  dia.stasic  ca])acity  of  this  solution.  (Sup¬ 
posing  that  7  c.c.  have  been  run  in  in  order  to  reduce'  thee  hehling,  then 


O'l  X  1 00  I  ■  I .'5°,  coi  K'ction  for  i-cducing  sugai'S  extracted 
7  fi'om  the  malt. 
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I‘or  malts  tlu'  corroction  I'  l  may  usually  lie  taken  as  a  constant,  and 
the  al)ove  results  heconu! 

llO  18-()°  LintiuM-. 

A\  orkiny  with  malt  extracts,  the  value  of  the  correction  hecomes 
much  hiyhei’,  and  must  he  (h'termined  for  each  individual  sample 
analysed,  and  preferably  before  the  diastase  estimation.  Take  a  a  pei- 
cent,  solution  of  the  exti'act,  boil,  make  up  to  original  volume,  tilt(‘r, 
and  titi’ate  on  Fehliny  and  starch  a,s  above  described.  Jn  an  actual 
analysis  1  •L'o  c.c.  of  the  5  jter  cent,  solution  wen^  recpiired  ;  the  cor¬ 
rection  therefore  becomes 


0-1  X  100  ,  ,  . 

,  =8‘0  correction  for  reducing  sugars  pi-esent. 


From  this  it  will  be  .st'cn  that  the  tenth  tube  in  the  diastase  determina¬ 
tion  is  nearly  I'cducf'd  l)y  the  sugars  present  alone.  The  diastase 
estimation  .should  now  b('  made  :  this  in  the  samj)le  in  iiuestion 
amounted  to  Odd  c.c.  ;  then 

OT  X  100  ^  ^ 

'  —  =  Id'/  apparent  diastasic  capacity. 

ld'7  —  8‘0  =  d'7°  Lintner,  real  diastasic  capacity. 

In  malt  extracts  .and  other  diastasic  jireparations  the  diastasic  capa¬ 
city  varies  very  widely,  and  tdther  none  or  all  of  the  .spries  may"  lie 
completidy  reduced.  In  the  former  case  the  diastasic  caiiacity  must  be 
le.ss  than  10  t/iiniis  the  coi’rection.  Make  another  diastase  estimation 
with  a  do  per  cent,  solution  of  the  extract,  and  multiply  the  correction 
lyy  .h  ;  the  solution  being  of  d  times  strength,  the  nett  figure  thus 
obtained  for  real  diastasic  capacity  must  be  divided  by  d  in  order  to 
give  degrees  Lintner.  Should  therii  be  no  reduction  in  any  of  tlu* 
tubes,  the  diastasic  capacity  must  be  less  than  2  minus  the  correction, 
which  jiractically  amounts  to  its  total  alisence. 

On  the.  other  hand,  the  whole  of  th(“  series  m.ay  be  reduced,  showing 
that  the  diastasic  capacity  is  more  than  100  minus  correction.  In 
this  case  make  u])  a  Odidd  per  cent,  solution,  and  use  it  for  a  diastase 
e.stimation ;  multiply  the  result  by  8.  and  take  the  correction  .as  | 
that  with  the  d  jier  cent,  solution.  'Plie  following  is  tlu'  result  of  an 
(‘stimation  on  a  diastase  preparation  made  by  the  author 


Correction  for  reducing  sugars  on  d  per  cent,  solution  =  8‘d  . 
All  tubes  wen'  reduced. 

W'ith  O'tidd  per  ci'iit.  solution,  reduction  eflectcd  by  O  ld  c.c. 

O'  1  X  8  X  1 00  _o  ... 

- (j.  p) - lltO'o  apparent  diastasic  capacity. 
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=^1-02=  18!)- 18°  Id 


lintiu'r,  rc'al  diastasic  c'a[)acity. 


The  three  diastasi'  tests  made  in  this  manner  give  a  total  range  of 
from  2°  to  800°  Lintner,  and  with  each  test  overlapping  the  other. 

In  comparing  extracts  for  liread-making  purposes,  it  is  soim'times 
advisable  to  also  ti'st  on  starch  paste  ;  in  that  casi'  jiroceed  I'xactly  as 
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with  soluhU'  stiircli,  cxc-q.t  tlial  ordhiarv  statrli  is  sul)stitutf'(l  and 
I'ai't'fullY  gelatinised  witlinut  “hailing. 

64a  Diastase  Tests  on  Flours.-  Tliese  may  Ix^  made  1)y 
taking  a  dven  (luantity  of  the  extraet,  mixing  with  Hour  and  water, 
and  digesting  for  a  giv('u  tinu'  at  some  tixed  temperature.  The  amount 
of  maUer  dissolved' and  maltose  produced  may  then  he  determined  liy 
direct  estimations.  Full  particulars  of  such  detm-minations  are  given 

in  the  succeeding  numbered  paragraph. 

Hakim--  tests 'atl'ord  the  mo.st  valuable  means  of  testing  diastasic 
value  of 'extracts  for  bakers.  These  tests  should  he  made  as  direct(>d 
in  Cliaiiter  XXL,  paragraph  582,  with  the  extract  added  to  the  water. 
Tt  is  well  to  take  the  uniforni  (piantity  of  the  extract  e(piivalent  to  1  Ih.^ 
to  the  sack,  2  grams  =  20  c.c.  of  a  10  per  cent,  solution  (the  .luantity  of 
wati-r  used  for  dough-making  must,  of  course,  he  diminished  by  the 
20  c.c.  taken  with  the  extract).  Prepai-e  100  c.c.  of  the  10  per  cent, 
solution,  place  half  of  it  in  a  Hask,  weigh,  boil  for  live  minutes,  and 
make  iij)  to  the  original  weight  with  water,  and  call  this  No.  2.  rie- 
pare  duplicate  loaves,  using  the  No.  1  or  unheat(-d  extract  solution  in 
the  one,  and  No.  2  or  boiled  solution  in  the  second.  iNlake  up  also  a 
plain  loaf.  No.  3,  with  the  same  Hour;  compare  carefully  the  character 
of  the  three  for  volume,  coloui*,  pile,  moistness,  flavour,  and  any  othei 
points  of  interest  to  the  liaker.  No.  2  will  have  had  its  diastase  killed, 
and  will  contain  only  such  maltose  and  other  bodies  as  are  contained  in 
the  extract  ;  No.  1  will  contain  in  addition  all  such  substances  as  have 
pi’oduced  by  the  diastasic  action  of  the  e.xtiact  itself. 

If  wished,  deterniinations  may  be  made  of  soluble  extract  and  maltose 
in  each  of  the  loaves.  The  results  may  then  be  returned  as  shown  in 
blank  below;  —  Soluble  Extinct.  Maltose. 

Normal  t)uantities  in  Plain  Bread,  determined 

in  No.  J,  -  -  -  -  -  ■  .  . 

Quantities  added  in  Extract,  being  difference 

hehveen  Nos.  2  and  j,  -  -  -  .  . 

Quantities  produceil  by  Diastasic  Action, 

being  difference  between  Nos.  i  and  2,  -  .  . 


Total,  -  -  -  -  .  1X11! 

In  this  way  any  extract  can  at  once  be  valiu-d  both  for  tulded  and 

jiroduced  maltose  and  other  .substances. 

650.-  Experimental  Comparison  of  Diastase  Deter¬ 
minations. — In  order  to  institute  ;i  comparison  Ix-twt-t-n  results 
olitained  by  Lintner’s  Method  and  the  amount  of  changi;  })r(xluccd 
both  in  Hour  digestion  and  ordinary  baking,  the  following  (-xperiments 
were  made  : — 

Lintneds  Deterndnations. — First,  four  extracts  were  seh-cted,  one  ot 
which  (No.  I.)  had,  according  to  Lintner,  a  low  diastasic  vahu- ;  another 
(No.  11.)  was  remarkably  high  ;  while  the  third  gav(‘  ])i’actu-ally  no  I’cad- 
ing  on  lantner’s  Scab-.  'I’lie  fourth  was  another  sample  from  tlu;  same 
source  as  No.  I,  but  from  a  more  actixe;  malt,  and  manufactun-d  at  a 
lowei'  tcmpi-rature.  d  he  rcisults  are  in  each  case-  tabvdate<l. 
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No.  i. 
No.  II. 
No.  III. 
No  IV. 


E.NtiMct,  Diastasic  Capacity,  ...  1  ■2°  Liutiier. 

...  ;55r 

E.vtract,  not  accurately  di'tormined,  Out  sliylitly  liiglier 
than  No.  J. 


Another  sample  of  No.  II.,  same  typ(‘,  gave  o20°  Lintner  on  heing 
tested.  Duplicates  of  Nos.  I  and  III.  were  in  absolute  agreement  with 
tliose  (juoted 

'‘ZFlour  Dii^esfion  Tests. — A  O'.")  per  cent,  solution  was  pre])ared  of  each 
e.Ntract ;  a  half  of  this  was  raisi'd  to  the  ])oint  of  actual  eliullition,  cooled, 
and  loss  of  weight  made  up  with  distilled  water.  The  first  part  is  called 
*•  Active  Extract,”  and  the  second  “  Killed  Extract.”  Of  each,  100  c.c 
(  —  O'o  gram  e.xtract)  was  taken,  added  to  25  grams  of  flour  in  a  corked 
llask,  shaken  vigorously,  and  all  digested  together  for  4  hours  in  a  water 
bath  of  140 — 150°  F.  A  blank  ex])ei’iment  was  also  made  with  100  c.c. 
water  and  25  grams  of  flour  only.  The  contents  of  the  flasks  were 
filtered,  and  “soluble  e.xtract”  and  malto.se  determined  in  the  clear 
tiltrate.  The  folhnving  are  the  results,  expressial  in  percentages  of  tin* 
flour  msed. 


SOLUBLE  EXTR.\CT  .\\f)  M.VLTOSE. 


I’ereeiitage  of  Extraet. 
less  total  solids  in  malt 

t’ercentiige  of 
Solulile  Extraet 
(111  Flour  used. 

I'ereeiitage  of 

extraet  and  iierceiitage 

No.  of  E.\ti'act. 

E.xtraet.  less  total 
solids  ill  malt 
e.xtract;  1-6. 

of  extraet  with  )ilaiii 
tloiii-  aiid  waters 
l-O-r-if --1 -20-1).  heiiig 

extraet  due  to  diastasie 

aetioii. 

f.  ..\ctivc 

26 '28 

24 -68 

0-28 

f.  Killed  - 

24  'do 

23-00 

Alinu.s  (luanlity. 

It.  .Vctivc 

4S‘04 

46-44 

22-04 

If.  Killed  - 

37 '32 

35-72 

11-32 

III.  .Active 

31 ‘52 

29-92 

5-52 

III.  Killed 

27 'oS 

25-48 

I  -08 

I\'.  .Active 

34-52 

32-92 

S-52 

IV.  Killed  - 

2S76 

27-16 

2-76 

\'.  Elour  and  Water  onl)’ 

24-40 

I'ereeiitage  of  .Maltose, 

IVrceiitage  of 
.Maltose,  le.ss  that 
ill  added  malt 

less  that  in  malt  ex¬ 

1 ’ercen  t  a>ju  of 
Maltose. 

tract  and  that  resulting 
from  Hour  oiily 

1-2  +  S-SS-:  10-118.  heing 

extraet,  say  1-2. 

maltose  due  to  diastasie 

action. 

I.  .Active 

23-75 

22-55 

12-47 

1.  Killed 

14 -.54 

■3-34 

3-26 

II.  .Active 

‘  .) 

35 -(>3 

25-55 

II.  Killed 

25-52 

24-32 

14-24 

Ill.  .Active 

1 9  -of) 

1 7  -86 

7-7!^ 

III.  Killed 

1 4  -86 

13-66 

3-.5S 

l\.  Active.' 

22 -6 1 

21-41 

1  1  -33 

I\'.  Kille.l  - 

17-12 

1  ^’i)2 

5-84 

\'.  I■'ll)^ll'  and  Water  oidy 

8-88 

SaSxS 
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Baking  Tests. _ l>akiii,U'  tosts  were  tlicoi  ni;ul(>  witli  tin;  first  tliri'o 

oxtr.'icts,  the  method  liein-j;  tliat  descrihed  in  the  preci'dinj;  i)ara,i,n’apli, 
excejit  that  the  “  killed  solutions  wi're  simply  raised  (o  actual  ehullition, 
without  continuinsj;  tlii'  hoiliii”’  for  the  tive  minutes  as  there  diri'cti'd. 
The  (juantity  of  extract  in  each  case  was  e([uivalent  to  1  Ih.  to  the  sack 
of  Hour.  The  followin.i;-  are  the  ri'sults  of  various  di'terminations  madi' 
on  till*  baked  loaves  ; — 


AXALVSK.S  (Jf  liAKl'.l)  lA  )A\ llS. 


No.  of  Extract. 

Water. 

Sdlublo 

Extract. 

Maltose.  Dextrin. 

1 

I.  Active  -  -  -  ■  ' 

6'I2 

5-41  3-25 

I.  Killed . 

42-24 

5-62 

3'3i  2-75 

11.  Active  -  -  .  -  - 

4171 

9*22 

6-22  4-90 

II.  Killed . 

42-90 

5 '90 

3-64  2-90 

III.  Active  ----- 

42 ’2  I 

5-04 

4-70  2-45 

III.  Killed  - . 

42-74 

4 '94 

379  2-45 

\".  Plain  Loaf  ----- 

42-25 

474 

3-15  2-40 

From  these  data  the  amount  of  each  constituent  may  be  calculated 
into  quantity  present  in  plain  loaf,  that  addeil  in  “  killed  extract, 
and  that  produced  by  diastasic  action.  When  thus  treated  tlu*  i-esults 
assume  the  following  form  :  — 

SOURCE  OF  EACH  CONSTITUENT  IN  HAKEI)  LOAVES. 


Constituent 

and  No.  of  Extract, 

1 

1. 

Soluble  Extract  , 

11. 

I 

HI.  - 

I. 

Maltose 

H. 

( 

HI.  - 

I. 

Dextrin  , 

H. 

IH. 

Normal 

Plain 

Uread. 

ejnantity 
due  to 
“  Killed  ” 
Extract. 

CJiiantity 
due  to 
Diastasic 
.\ction. 

'I'otal 

CJnantity 

474 

0-SS 

0-50 

6-12 

474 

1  *16 

3’j“ 

9*22 

474 

0'20 

0*10 

5-04 

3'i5 

0-16 

2*10 

5'4i 

3-15 

0-49 

2-5S 

6-22 

3->5 

0-64 

0*91 

4-70 

2*40 

0-35 

0-50 

3-25 

2*40 

0-50 

2*00 

4-90 

2*40 

0-05 

0*00 

2-45 

lleviewing  the.se  results,  the  following  is  noticed  in  tlu'  flour  digi's- 
tions  : — No.  1.  e.xtract,  both  active  and  killcsl,  gave  abnormally  low 
soluble  e.xtracts,  while  No.  I.  active  yielded  an  e.xceptionally  high 
maltosi^  result.  There  were  no  duplicates  made'  of  these,  but  the  re¬ 
sults  of  determinations  in  the  baked  loaves  arc'  in  absolute  agresenumt 
with  them  ;  thus,  in  the  digcisted  Hour  the  maltose  is  O'DU  of  the*  total 
soluble  e.xtract,  while  the,  maltose  in  thes  brc'ad  is  U'SS  of  the  soluble 
extract  obtained.  Tii  (;ach  case  c'xcept  No.  1.  thec  killed  e.xtract  still 
exhibited  considerable  diastasic  activity. 

'J’lirning  to  the;  bread  results,  thec  water  was  detc'rminc'd  as  a  check 


rilli  KCIENCE  AN1>  A)tT  OF  ]iKKAI)  MAKING. 


Oil  the  constitution  of  tlic  loaves,  and  not  as  a  measure  of  the  yielding 
power  of  the  Hour.  There  is  in  the  case  of  each  constituent  a  greater 
([Liantity  present  in  “killed  ”  extract  treatisl  loaves  than  in  that  which 
was  perfectly  plain,  a  (juautity  partly,  hut  not  entiridy,  due  to  the 
actual  matter  introduced  by  the  extract  itself  (a  Ih  of  extract  per  sack 
equals  ajiproximately  0"2o  jic'r  cent,  on  the  baked  bread).  This  shows 
that  malt  extracts  contain  a  hydrolysing  constituent,  the  activity  of 
which  is  not  destroyed  by  momentary  boiling.  In  each  case,  and  with 
each  constituent  estimated,  except  dextrin  in  Xo.  III.,  there  is  an  in¬ 
crease  due  to  diastasic  action.  In  No.  II.,  which  gave  by  far  the 
highest  result  on  Lintner’s  scale,  there  is  also  the  highest  amount  of 
change  in  the  baked  loaf,  but  in  nothing  like  the  same  projjortion. 
Idle  dextrins  are  obtained  b}’  precipitation  with  alcohol,  but  are  not 
corrected  for  proteids.  The  reducing  sugars  are  throughout  reckoned 
as  maltose  :  but  the  sum  of  the  maltose  and  uncorrected  dextrin  is 
uniformly  in  excess  of  the  total  soluble  extract.  No  sqiecitic  researches 
have  been  made,  but  the  iirobable  cause  is  that  some  of  the  sugar  is 
glucose.  Among  points  still  requiring  investigation  as  to  the  action  of 
malt  extract  in  bread-making  are  (1)  the  amount  of  heating  requisite  to 
destroy  diastasic  action  ;  ('2)  whether  any  hydrolysing  action  is  due  to 
some  other  agent  than  diastase — acid  phosjihates,  for  (‘xainple  ;  and  if 
so,  how  much  I  (d)  the  exact  nature  and  proportions  of  sugars  produced, 
whether  maltose  or  glucose. 

651.  Adulterations  of  Malt  Extract.  -INIalt  extract  may  be 
adulterated  either  with  molasses  (treacle)  or  glucose  .syrups.  The 
former  of  these  may  lie  detected  by  thi'  large  increase  in  the  quantity 
of  cane  sugar  present,  as  molassi's  contains  from  do  to  48  per  cent,  of 
sucrose.  It  also  usually  contains  considerable  amounts  of  glucosix 
The  so-called  siriqiy  “  glucoses  "  contain,  when  conversion  has  been 
arrested  at  tlii'  minimum  jioint,  large*  (piantities  of  dextrin  and  maltose, 
and  therefore  in  that  jiarticular  closely  resembh*  malt  extracts,  ('om- 
mercial  “glucose'’  is,  howexer,  practically  devoid  of  proteid  constituents, 
and  in  this  way  is  detected  when  used  as  an  adulterant  of  malt  extract. 
A  polarinietric  reading  allbrds  a  x'aluable  indication  as  to  the  purity  of 
malt  extracts.  The  following  table  gives  the  result  of  a  miinbei-  of 
such  readings  calculated  to  angular  rotation  per  gram  of  undried  sub¬ 
stance  : — 


1. 

O 


KSTIMATIUXS  ON  AlAl/l'  KXTKACr,  K'VC. 

Iltdntory  l\)\ver 
Itrr  (Jram. 

(Malt  Extract  of  known  purity,  tested  IMarcli,  18!)d,  1  •.■>!)“ 
Same  make  of  E.xtract,  samph*  taken  April,  18ttil,  1  •08'“ 
Sanqile  of  suspected  Malt  Extract,  very  light  in 

colour,  ...  ..  ...  ...  ...  Idti)^ 

Si'cond  sample  of  suspi'cted  IMalt  Extrai't,  ... 

Ijyle’s  (ioldeii  Syrup,  obtained  pi'r.sonally  liy  author,  O'dg" 

No  1  Syrup,  lightest  colour,  1  |  1  •Ud° 

^  •*  intermcdiati*,  , ,  1 


N 


o. 


from  same 
Manufacturers. 


No.  d  ,,  darkest, 

“tducose”  Syruj)  (White  Confection('r.s’), 


0'r)2° 

2-d(S 
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Uiitiitiiiy  Power 

No.  lier  (iiani. 

]U.  Mixture  nuide  personally  by  Author  - 

No.  1,  T'UT  grants,  )  l.-'T 

Nu.  t),  -I'TO  ,,  j 

Calculated  Rotatory  Power  from  (luautities  taken, 

11.  ^Mixture  math'  pcrsontilly  by  Author-  - 

No.  1,  7  07  grants,  1 

No.  1),  6'LH;'  „  j  . 

Calculated  Rotatory  Power  from  (juantities  taken,  1  -89° 


loir  eompiirisoit.  Pure  Maltose,  .. .  ...  ...  2-78° 

,,  ,,  Dextrin,  ...  ...  ...  .'5 -86° 

,,  ,,  Catte  Sugar,  ...  ...  1  .'la” 

„  ,,  (llucose  (Invert  Sugar),  —  U‘4G° 


Roth  the  suspected  stunples  had  abnortnally  low  rotatory  itowers,  and 
went  probably  adulterated  with  “glucose”  syrup;  th(‘y  agree  approxi¬ 
mately  with  No.  11. 

652.  Baking  Powders,  Analysis  of. — Cramjtton,  in  a  U.S. 
Department  of  Agriculture  Rulletin,  gives  a  detailed  tnethod  of  analysis 
of  these,  of  which  the  following  is  a  nioditication.  In  e.xtitnining 
Raking  Powders,  a  qiuilitiitive  atialysis  serves  to  recognise  whether  the 
acid  constituent  is  tartaric,  phosphoric,  or  sulphuric  acid,  or  a  mixture 
of  two  or  more  of  these.  The  alkalinity  of  the  acjueous  solution  should 
be  testetl  as  a  guide  to  the  amount  of  excess  of  carbonate  employed. 
The,  following  are  among  some  of  the  more  impoi'tant  estimations  which 
should  be  made  : — 

(1.)  Carbon  Dioxide. — This  is  the  measure  of  the  essential  strength 
of  the  powder,  as  its  value  depends  on  the  quantity  of  this  gas  liberated 
by  the  powder  when  us(h1.  Usually  the  total  and  available  carixni 
dioxide  an^  both  measured,  as,  through  deficiency  in  acid  ingnalients, 
the  whole  of  the  carlmnates  ai'e  not  always  decomposed  when  the 
powder  is  employ('d  for  baking  purposes.  The  total  carbon  dioxide  is 
obtained  by  treatment  with  excess  of  acid  ;  tins  available  by  adding- 
water  and  h(*ating  in  as  nearly  as  possible  the  same  manner  as  in  actual 
baking. 

Many  of  the  r('cognised  fo^•ms  of  a})})aratus  for  tlu'  measurement  of 
carbon  dioxide  may  be;  used  for  this  2)ur})ose.  Thus,  tlu'  wtdl-known 
Schro-dter  may  be  em))loyed,  in  which  the  liberating  acid  and  drying 
tubes,  etc.,  are  all  self-contained  within  the  sanu;  apparatus,  together 
with  the  jiowder,  which  is  weighed  before  and  aftc'r  tin;  acid  and  powder 
act  on  each  other.  The  loss  of  weight  is  the  measures  of  tlu^  amount  of 
cai'bon  dioxides  evolved.  In  using  an  aj)pai-atus  of  this  foini,  fr(jm  om* 
to  two  grams  of  tlu^  })owder  is  weighed  out  and  ti'ansfi'rred  to  the  ilask 
of  the  Schnedteu',  ])revi(nisly  charged  with  dilute  Hljci-ating  sulphui-ic 
acid,  and  concentrated  acid  for  drying  (he  escaping  gas  ,  weigh  the 
wholes  a})paratus,  and  allow  the  acid  to  (“liter  very  slowly.  'I'oward  the 
close  of  the  reaction  heat  V(‘ry  carefullv,  and  add  the  acid  (iiially  to 
powder  when  hot.  Care  must  be  taken  that,  owing  to  the  gelat  inisation 
of  the  starch,  the  whole  mass  does  not  boil  ovi'r,  and  thus  \  itiate  the 
determination.  Finally  draw  air  through  in  the  usual  maiiner,  and 
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woigli  witli  the  ordinary  precautions.  Water  must  nnt  lie  added  to  tin* 
powder  Indore  the  nnvction  is  staided.  To  esti)nate  available  carhon 
dioxide  procecnl  in  tlie  same  manner,  except  that  distilled  wat(‘i‘  must 
1)0  used  for  liberating  j)urposes,  instead  of  dilute  acid.  Add  the  watei' 
slowly,  and  at  the  close  bring  it  as  nearly  as  possible  to  the  boiling 
point,  and  maintain  it  at  that  temperature  for  tifteen  minutes,  gently 
agitating  the  a})paratus  occasionally. 

For  technical  purposes,  tlu'  carbon  dioxide  can  be  (‘stimated  witii 
sullicient  accuracy  by  a  moditlcation  of  the  yeast  apparatus  described 
on  page  1103,  the  gas  being  measured  volumetrically.  It  may  bi- 
mentioned  that  one  gram  of  sodium  bicarbonate,  XaHCOj,  yields  on 
treatment  with  excess  of  acid  O'b^d  gram  of  carbon  dioxide,  being 
307  cubic  centimeters  at  0°  C.,  or  280  iit  20°  C.  Pdirther,  280  c.c.  = 
17 '4  cubic  inches. 

Take  a  six-ounce  flask  and  tit  it  with  a  good  india-rubber  cork,  pass 
through  the  latter  a  right-angled  delivery  tube,  and  also  a  thistle 
funnel,  i)rovided  with  bulb  of  about  hU  c.c.  capacity,  and  a  glass  stop¬ 
cock.  Arrange  the  llask  on  a  piece  of  wire  gauze  on  the  retort-stand, 
and  connect  it  up  by  means  of  a  short  length  of  india-rubber  tubing  to 
the  end,  c,  of  the  T-piece,  Figure  20.  Stand  the  gas  collecting  jar,  yi  in 
a  deep  vessel  of  cold  solution  of  calcium  chloi’ide,  sp.  gr.  1'4,  preferably 
using  for  this  purj)Ose  a  cylinder  of  glass.  Weigh  out  25  grams  of  the 
baking  powder  and  place  it  in  the  llask,  connect  u])  the  apparatus  and 
exhaust  the  air  until  the  litjuid  stands  at  zero  in  the  glass  jar.  Fill  the 
bulb  of  the  thistle  funnel  with  10  })er  camt.  sulphuric  acid,  turn  the 
stop  cock  ver\  gently,  so  as  to  allow  the  acid  to  enter  droj)  by  drop. 
Great  care  must  be  exercised  in  opening  this  stop-cock,  as  otherwise 
the  column  of  water  in  the  gas  jar  will  draw  the  whole  of  the  acid  out 
of  the  funnel,  and  allow  the  apparatus  to  completely  till  with  air. 
When  the  reaction  is  ovei',  gently  heat  the  llask  until  the  whole  of  the 
carbon  dioxide  is  liberated.  Allow  the  aj)paratus  to  cool,  and  read  off’ 
the  volume  of  carbon  dioxide  libeiated.  IMake  a  deduction  for  the 
volume  of  acid  which  has  been  let  in  from  the  funnel  ;  this  is  easily 
done  by  measuring  once  for  all  the  anu)unt  it  delivers.  If  results  are 
immediately  wanted,  the  a})i)aratus  may  bo  cooled  by  pouring  a  litth* 
water  over  it.  To  determine  available  carbon  dioxide  pi'oceed  in 
exactly  the  same  way,  excei)t  that  water  must  be  used  instead  of  acid 
in  the  funnel,  and  gentle  boiling  should  be  employed  at  the  termination 
of  the  I’eaction  for  about  liftecm  minutes.  Precisely  tlu'  same  remarks 
jqiply  to  th('  limits  of  accuracy  of  these  tests  as  are  made  on  the  use  of 
tlio  ajiparatus  for  y('ast  testing  in  ])aragraph  333. 

(2.)  riiosphoric  Acid. — A’eigh  about  0-5  gram,  ignite  carefully,  treat 
with  niti’ic  acid,  dilute*  and  liltei-.  I’rc'cijeitate  with  ammonium  molyb¬ 
date,  digest,  liltei-,  and  wash  witli  dilute  nitric  acid  or  ammonium 
nitrate  solution.  Dissolve*  the*  ])re*cipit!ite  in  ammonia,  jerecipitate  with 
ma'nie*.siii  mixture*,  lilte*r.  wash  with  elilute*  ammonia,  ignite,  anel  weigh. 

(3.)  Tartaric  Acid.-  We*igh  e>ut  5  grams  of  the*  powder,  treinsfe*!-  to  a 
500  c.c.  llask,  ;uiel  eielel  100  c.e.  of  wate-r  and  15  c.c.  strong  hydrochloric 
ae-iel.  Whe*n  all  actiem  has  c(*ase'el,  nudee*  uji  with  water  to  500  c.c., 
anel  idlow  starch  te)  subside.  l*dlte*r  and  take  50  c.c.  of  liltreite  anel  euld 
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theroto  10  c.c.  of  solution  of  pot.-issiuni  carGonato,  coutainiii,<i;  300  grams 
KX’(  >3  per  litre  ;  boil  for  half-an-hour  and  filter  into  a  porcelain  disli 
concentrate  liltrate  and  washings  down  to  10  c.c.,  add  gradually  and 
with  constant  stirring  4  c.c.  glacial  acetic  acid,  and  then  100  c.c.  of  On 
per  cent,  alcohol,  stirring  the  liquid  until  the  precipitate  floating  in  it 
assumes  a  ciystalline  appearance.  After  standing  some  hours,  filter 
and  wash  with  alcohol  until  entirely  free  from  acetic  acid.  Transfer 
filter  and  precipitate  to  a  beaker,  add  water  and  boil.  Titrate  tlie 
resulting  solution  with  decinormal  soda  and  phenol-phthalein — 1  c.c.  of 
alkali  corresponds  to  0'0188  grams  of  potassium  bitartrate  (cream  of 
tartar),  or  O'OloO  grams  of  tartaric  acid. 

(4.)  Sulphuric  Acid. — This  may  be  estimated  without  previous  ignition 
of  the  powder.  Weigh  out  0'5  gram  and  digest  in  a  beaker  with  strong 
hydrochloric  acid  until  the  whole  of  the  powder  including  the  starch  is 
dissolved  ;  then  dilute  with  water,  raise  to  near  boiling,  and  add  barium 
chloride  in  slight  excess,  allow  to  stand  twelve  hours,  Glter  and  weigh. 

(5.)  Aliniiiii'i. — This  body  being  the  base  of  the  alums,  its  deter¬ 
mination  should  be  made  in  all  cases  where  sulphuric  acid  is  found  to 
be  present.  In  the  absence  of  phosphoric  acid,  from  0'5  gram  to  TO 
gram  may  be  ignited,  e.xtracted  with  acid,  evaporated  to  complete  dry¬ 
ness  to  separate  silica,  treated  with  strong  hydrochloric  acid,  diluted 
with  water,  and  alumina  precipitated  with  ammonia,  washed,  dried, 
ignited,  and  weighed.  In  the  presence  of  both  phosphoric  acid  and 
alum,  the  following  method  may  lie  adopted  : — Weigh  out  five  grams  of 
the  powder,  in  a  platinum  dish  heat  until  thoroughly  carbonized,  digest 
with  strong  nitric  acid,  dilute,  and  filter  into  a  500  c.c.  flask.  AVash 
the  residue  slightly,  transfer  the  filter  and  all  back  into  the  platinum 
dish,  dry,  burn  to  white  ash,  add  mixed  potassium  and  sodium  carbonates, 
and  fu.se.  Take  up  with  nitric  acid,  evaporate  to  comjilete  dryness, 
again  take  up  with  nitric  acid,  dilute,  and  filter  into  the  500  c.c.  flask. 
The  flask  will  now  contain  both  series  of  Gltrates  ;  make  up  to  the  mark 
with  water.  Take  100  c.c.  and  precipitate  with  ammonium  molybdate 
and  nitric  acid,  digest  and  filter.  In  filtrate  determine  alumina  by 
precipitation  with  ammonia,  and  estimate  phosphoric  aciil  in  the  pi’e- 
cipitate  in  the  usual  manner. 

(0.)  Starch. — This  may  be  determined  by  treatment  with  dilute  acid 
so  as  to  effect  conversion  into  glucose,  and  then  estimating  by  Fehling’s 
solution.  A  rough  determination  may  be  made  by  adding  water  to  the 
powder,  and  after  cessation  of  the  reaction  washing  several  times  on  a 
filter,  first  with  dilute  hydrochloric  acid  (5  per  cent.)  and  then  with 
water.  The  residue  is  transferred  to  a  platinum  dish,  evaporated  to 
complete  dryness  at  100°  C.,  and  weighed,  subseciuently  to  which  the 
ash  is  determined  and  subtracted  fnan  the  weight  at  100°  C. — fhe  re- 
mainder  is  taken  as  starch. 

(Jther  determinations  may  be  made,  but  the  abov(>  are  the  most 
important. 
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CHAPTER  XXV. 

BREAD  ANALYSIS. 

653.  Having  describiHl  the  nietliDtls  to  be  einpluyeci  for  the  deter¬ 
mination  of  the  various  constituents  of  wheat  and  Hour,  a  short  descrip¬ 
tion  must  now  be  given  of  bread  analysis. 

IMany  of  the  properties  by  wliicli  good  l)read  is  distinguished  from 
bail  scarcely  come  within  the  range  of  purely  chemical  analysis.  Among 
these  are  the  colour,  texture,  “piling,”  odour  and  llavour  of  the  crumb, 
and- the  colour  and  thickness  of  the  crinst.  In  the  kind  of  bread  known 
technically  as  “crumby”  bread,  the  colour  and  texture  of  the  joint  be¬ 
tween  two  loaves  is  to  be  observed.  The  analyst,  in  reporting  on  bread, 
should  examine  the  loaf  so  far  as  the  above  cliaracteristics  are  concerned, 
and  include  his  opinion  on  the  same  in  his  report.  In  judging  each,  he 
may  adopt  the  plan  of  employing  a  series  of  numbers,  say  I  to  10,  and 
using  the  lowest  number  for  the  worst  possible  grade,  and  the  highest 
for  tlie  very  best.  Or  he  may  use;  instead  the  terms  X.  Ik,  very  bad  ; 
R,  bad  ;  I,  indifferent ;  M,  moderate  ;  G,  good  ;  V.  G.,  very  good  ;  E, 
excellent.  In  either  case  the  same  term  must,  so  far  as  is  possible,  be 
applied  to  the  same  grade  of  quality',  whether  of  texture,  colour,  or 
other  characteristic. 

654.  Colour. — The  baker’s  use  of  this  term  involves  a  contradic¬ 
tion  ;  it  is  the  custom  of  the  trade  to  speak  of  a  loaf  as  “  having  no 
colour”  wlien  a  dark  brown,  wlulc  in  the  ])urest  white  loaf  the  colour 
is  said  to  be  “high.”  This  is,  of  course,  exactly  opposite  to  the  correct 
use  of  these  terms,  for  white  is  strictly  no  colour,  while  a  yellow  or 
brown  body  is  strongly  coloured.  It  would  be  a  better  plan  if  the 
resp(‘ctive  terms  were  “lightly  coloured”  and  “strongly  or  deeply 
coloured.”  Judging  colour  by  itself  alone,  the  loaf  should  be  a  very 
liylit  yellow  or  cn-amy  tint,  apia-oaching  almost  to  whitmiess.  This 
colour  is  selected  because  the  writer  is  of  opinion  that,  judging  bread  by 
the  eye  alone,  the  slightest  yellow  Inu'  is  more  agreeable  than  an  ab¬ 
solutes  snowy  whiteness.  The  latter,  perhaps  from  its  frecpient  associa¬ 
tion  with  absence  of  llavour,  is  unpleasant. 

It  must  be  remembered  that  colour,  itc.,  are  matters  of  individual 
taste  and  opinion,  and  therefore'  that  each  individual  has  his  own 
stanelard  of  compari.son.  In  forming  a  judgment  one  naturally  most 
ai'preciates  tluit  in  accordance  with  one’s  own  standard;  it  does  not 
mscessarily  follow  that  such  judgnu'nt  shall  absolutely  agrese  with  that 
of  anotlu'r  jierson.  It  is  a  well-known  fact  that  in  elilierent  localities 
the;  standard  of  taste  in  these  matters  varies. 
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For  actual  iiu'asurcinciit  of  lu'cad  colouiv  tlie  iiictliod  of  te^stiiiff  witli 
the  tiiitoiueter  sluadd  1h\  ein})loyed  ;  or  liaked  loaves  may  lie  compared 
against  those  similarl}’  preparc'd  from  standard  samples  of  flour. 

655.  Texture.  -The  tt'.Nture  of  a  loaf  is  best  observed  by  cutting 
it  in  two  witli  a  \'eiT  shar[)  knife.  Therci  should  be  an  absence  of  large 
cavities,  and  also  of  dry  lumps  of  flour.  The  honeycomlied  structure  of 
the  bread  should  be  as  even  as  possible.  Tlui  bread  should  not  break 
away  (‘asily  in  crumbs,  but  should  be  somewhat  firm.  On  being  gently 
ju'essed  with  the  finger  the  bread  shoukl  lie  elastic,  and  should  spring 
back  without  showing  a  mark  on  tlie  pressure  being  removed. 

656.  Proof. — Like  many  other  trade  terms,  this  is  used  in  a  some¬ 
what  (liffenmt  sense  in  difh'rent  localities.  It  usually  has  reference  to 
the  degree  of  rise  in  volume  a  loaf  undergoes  before  being  put  in  the 
nven.  In  this  sense,  by  a  well-proved  loaf  is  under.stood  one  tliat  has 
risen  well,  both  in  the  dough  stage  and  after  being  placed  in  the  oven. 
It  almost  goes  witlnnit  saying  that  in  judging  tlie  (piality  of  a  loaf  the 
baker  likes  it  to  b(i  as  large  as  jiossible.  Such  an  opinion  is  a  sound 
one  where  size  of  the  loaf  is  combined  with  evenness  of  te.vtung  and  is 
iKjt  tlie  result  of  the  presence  of  large  cavities  in  the  bread.  The 
opposite  of  a  well  proved  loaf  is  a  heavy  one  ;  hence  this  matter  of  the 
proof  of  a  loaf  is  of  importance.  The  loaf  which  in  this  particular  looks 
the  best  is  that  which  is  most  digestiUe  and  wholesome. 

There  is  another  sense  in  wliich  the  term  “  proof  ”  is  applied  :  thus, 
two  loaves  may  have  risen  eipially  well,  and  yet  the  one  be  regarded  as 
being  better  provi^d  than  is  the  other.  The  well  proved  loaf  is,  undei' 
these  circumstances,  viewed  as  that  in  which  fermentation  has  iiroceeded 
until  the  flavour  of  the  bread  (the  lioiujuet,  if  the  term  may  be  borrowed) 
has  developed  to  the  greatest  perfection.  The  well  proved  loaf  will  be 
sw(‘et  and  nutty  in  flavour,  and  have  all  the  characteristics  of  being 
thoroughly  cooked  ;  the  badly  jirovcd  loaf  will  be  lacking  in  flavour, 
and  have  what,  foi-  want  of  a  better  expression,  may  be  called  a  “  raw  ” 
taste.  I’^ndoubtedly,  this  use  of  the  term  “proving’’  refers  to  a  difi'er- 
ence  which  does  exist  in  the  two  loaves,  a  difference  which  in  all  pro¬ 
bability  is  due  to  the  more  or  h^ss  perfect  pejitonising  action  of  tlie 
yeast  on  the  proteids  during  fermentation.  Tlie  term  proof  is  tlu'refore 
u.sed  in  two  ditfenmt  .senses,  one  as  a  measure  of  the  vohnm*  of  the 
loaf,  the  other  as  an  indication  of  the  extent  tti  which  the  changes 
accompanying  fermentation  have  proceeded. 

657.  Pile.  -This  is  essentially  a  term  referring  to  the  texture  of 

the  crumb  of  bread,  and  is  doubtless  derived  from  the  us(‘  of  the  word 
“liile”  as  indicating  the  texture  of  the  surface  of  velvet.  In  a  letter,  of 
which  the  following  is  the  substance,  INlr.  AV.  A.  Thoms  has  been  so 
kind  as  to  explain  to  the  autlior  the  exact  sen.se  in  which  the  term  is 
used  ill  Scotland  :  l!y  a  well-piled  loaf  we  do  not  understand  a  loaf 

well-risen.  Pile  is  the  gloss  of  tlie  outside  skin,  or  crumb  tif  close* 
packed  bread,  and  tlie  more  unbroken  the  skin,  the  more  silky  in  feel 
and  glossy  in  sheen,  the  higher  we  rank  the  jiile.  Fndoubtedly  a  well 
[liled  loaf  must  also  be  a  well-risen  loaf.  They  have  that  in  common, 
but  a  well-risen  loaf  may  be  ragged,  broken-skined  .iiid  dark,  without 
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lieing  over  proved  ;  fsueli  a  loaf  wi;  call  coarse*,  and  say  it  lias  a  bad  or  no 
]>ile.  Pi'Oof,  in  dough  or  baked  breail,  refers  to  volume  eir  size.  These 
t|ualities,  proof  and  ]>ile,  are  due  to  the  same  factor,  carbon  dio.xide, 
acting  on  and  disteiuiing  the  gluten,  ami  it  is  the  condition  of  the  gluten 
at  the  time  in  the  oven,  when  the  dough  is  passing  into  bread,  that 
determines  the  jhle.  The  condition,  good  or  bad,  of  the  gluten  in  this 
transition  state  may  be  due  to  the  condition  of  the  Hour,  the  propoi'tion 
of  gluten  it  contains,  or  to  the  action  of  the  yeast  and  its  bye-products 
on  the  gluten  during  the  entire  fermentation.  Unhealth}'  yeast  will 
pi'oduce  an  abnormal  proportion  of  acids,  and  acids  render  gluten  tii'.st 
friable  and  then  soluble.  At  the  friable  stage,  bread  may  be  high,  badly 
shaped,  dark  and  ragged,  but  deficient  in  pile.” 

658.  Odour.  — This  is  best  judged  by  pulling  a  loaf  open  and 
burying  the  no,se  deep  in  the  cleft.  The  bread  should  have  a  nutty, 
sweet  smell  ;  this  denotes  the  highest  degree  of  excellence  so  far  as  this 
quality  is  coiicerned.  There  may  be  an  absence  of  smell,  or  what  is 
perhaps  most  forcibly  described  as  a  mawkish  and  damp  odour  ;  these 
belong  to  the  indifferent  stage.  The  bread  may  smell  sour,  in  which 
case  an  unfavourable  ojrinion  is  naturally  formed.  Beyond  these  are 
the  smells,  appi-oaching  to  stenches,  arising  from  butyric,  ropy,  and 
even  putrid  fermentation 

659.  Flavour. — This  of  cour.se  is  one  of  the  most  crucial  tests  to 
which  bread  can  be  put.  It  is  probably  the  only  one  adojited  by  the 
vast  majority  of  the  bread-eating  public.  Fortunately,  the  judgment 
based  on  flavour  is  almost  invariably  a  sound  one ;  a  bread  which 
pleases  the  palate  is  usually  one  that  is  wholesome.  Having  made  this 
statement,  it  may  be  well  also  to  indicate  one  direction  in  which  the 
palate  test  is  untrustworthy  ;  many  peoph*  are  extremely  fond  of  hot 
rolls  for  breakfast.  These  luxuries  are  not,  however,  to  be  indulged  in 
by  everyone,  for  hot  l)read  is  not  easily  digestilile.  The  I’t'ason  is  a 
simple  one  ;  the  soft  nature  of  bread,  while  still  warm,  causes  it  to  be 
formed  into  balls  in  the  mouth,  which  are  swallowed  without  the  due 
admi.xture  with  saliva. 

When  tasting  bread,  nothing  having  a  strong  flavour  should  have 
been  eaten  for  some,  little  time  previously;  a  small  puece  of  the  bread 
should  b(^  put  in  the  mouth,  masticat('d,  and  allowed  to  n'lnain  there  a 
short  time  liefore  being  swallowed.  The  flavour  .should  be  sweet,  and  of 
course  then*  must  be  an  ab.«('nco  t)f  .sourness  or  any  marked  oVqectionable 
tast(‘.  The  physical  behaviour  of  tlu;  brt'ad  in  the  mouth  is  also  t)f 
importance.  The  bread  should  not  clog  oi*  assunu^  a  doughy  consistency 
in  the  mouth;  neither,  on  the  otlu'r  hand,  must  it  be  dry  or  chippy. 
In  addition  to  tasting  tlu^  dry  bread,  a  slice  sprc'ad  with  butter  may  be 
eaten.  It  need  not  be  said  that  in  this  test  the  butter  must  be  unex¬ 
ceptionable. 

660.  Colour  and  Thickness  of  the  Crust.— The  crust  should 
be  of  a  rich  browni.sh  yellow  tint;  neither  too  light  on  the  one  hand, 
nor  too  dark  on  the  other.  So  far  as  is  consistent  with  adequate  baking, 
the  crust  shoidd  b(‘  as  thin  as  possible. 
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TIu>  act  of  baking  cliangcs  the  character  of  several  of  the  con.stituents 
of  tlie  Hour.  Thus,  tlie  albumin  is  coagulated,  and  thereby  rendennl 
insoluble.  The  starch  is  partly,  at  least,  rendered  soluble  by  the 
gelatinisation  consecjuent  on  heating.  Tlie  fatty  matters  of  the  Hour 
are  unchanged  ;  at  times,  however,  bread  is  found  to  contain  fat  ov’er 
and  above  that  normally  present  in  Hour.  In  fanc}'  br(>ad,  butter  or 
milk  is  sometimes  used  in  the  dough ;  small  cjuantities  of  lard  are  also 
em})loyed  by  some  bakers  in  order  to  give  a  special  silkiness  to  the 
fracture  where  two  loaves  of  crumby  bread  are  separated  from  eacli 
other.  The  ash  is  not  materially  aH'ected  in  quantity.  The  water 
varies  considerably.  Subjoined  are  the  results  of  some  analyses  collected 
by  Kbnig  and  (pioted  by  Blyth.  A  number  of  others  by  the  author 
are  given  in  various  parts  of  this  work  ; — 


Mini¬ 

mum. 

Maxi¬ 

mum. 

ilean  for 
Fine 
Kreail. 

Mean  for 
Coarse 
Bread. 

^Vatel■ 

26-39 

47-90 

3S-5I 

41-02 

Xitrogenous  substances  -  -  -  - 

4-Si 

8 -69 

6-S2 

6-23 

Fat  -------- 

O'lO 

I  ‘OO 

0-77 

0’22 

Sugar 

0-82 

4 ‘47 

2-37 

2-13 

Carbo-hydrates  (Starch,  iStc.) 

3S‘93 

62-98 

49 '97 

48-69 

Woody-fibre  ------ 

0-33 

0'90 

0-3S 

0-62 

Ash  ------- 

0-84 

I  -40 

I  *iS 

I  *09 

661.  Quantity  of  Water  in  Bread. — The  question  may  fairly 
be  asked — On  what  princiiile  is  a  decision  to  be  made  as  to  whether  a 
bread  contains  too  much  water  1  In  reply,  the  loaf  having  become  cool, 
say  two  hours  after  being  riuiioved  from  the  oven,  sliould  on  being  cut 
feel  just  ]>leasantly  moist,  not  dry  and  chippy,  nor  on  the  other  hand 
in  the  .slightest  degree  sticky  or  clammy.  A  second  loaf,  on  being 
e.Namined  in  the  same  way  when  two  days  old,  should  answer  to  the 
same  tests,  and  should  not  show  the  slightest  signs  of  sourness  <jr 
mustiness.  Some  loaves  of  l)rea(l  containing  even  10  i)er  emit,  of  water 
would  very  well  jia.ss  this  e.\aminati<m  ;  while  others  which  might  con¬ 
tain  much  less  water  W(juld  nevertheless  be  danqi  and  sodden,  rapidly 
turning  mouldy  or  sour.  Notwithstanding  that  the  latter  contaimal 
absolutely  the  less  water,  tlu'y  would  still  be  condemned  as  containing 
more  than  they  ought ;  while  tin?  former  would  bt'  returned  as  coming 
within  tlie  limit.  The  (juantity  of  watiu'  pei'inissable  in  a  bread  must 
de])end  on  the  nature  of  the  Hour  used  ;  the  oH'ence  is  not  in  using 
suHiciimt  water  to  a  strong  Hour,  but  in  adding  mor(^  to  a  weak  iKmr 
than  it  can  properly  take. 

Another  question  arises-  Would  it  not  lx*  well  for  the  public  to  insist 
on  being  supplied  with  bread  made  from  such  Hours  as  normally  re(|uir(‘, 
for  their  conversion  into  bread,  a  low  proportion  of  watcu'^  Again,  in 
reply,  the  sti'ongest  Hours  that  is,  those  which  naturally  absorb  the 
most  watei’  are  madi*  from  the  soundest,  best  matured,  and  higlu'st 
class  wheats;  so  that  th(!  baher  who  mses  a  strong  Hour  also  us<‘s  a  high 
jiriced  Hour. 
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662.  Analytic  Estimations.-  Tn  an  ordinary  analysis  of  bread, 
M'liPi’e  tlio  object  is  not  to  test  for  andidteration,  tlie  estimations  •'iven 
below  may  be  made.  A  thin  slice  should  be  cut  from  the  middle  of  the 
loaf,  the  crust  cut  off,  and  then  the  interior  })ortion  ci'umbled  between 
the  tingers ;  the  crumbs  must  b(*  thorougldy  mixed,  and  at  once  placed 
in  a  bottle. 

Moisture,  Ash,  and  rhosphoric  Arid.  -Ideteianine  as  directed  in  i)ara.- 
graph  G47  on  INlalt  Extracts. 

Proteids.  —  Determine  by  Kjeldahl’s  method  on  1  gram  of  the  bread. 

Acidity.-  Take  10  gi'ams  of  the  bread,  grind  up  in  a  mortar  with  a 
small  quantity  of  water,  transfer  to  a  flask,  and  make  up  to  100  c.c. 
Allow  to  stand  for  an  hour  in  a  boiling-water  bath,  cool,  and  titrate 
with  soda,  using  phenolphthalein  as  an  indicator.  The  acidity  may 
be  calculated  as  lactic  acid. 

Fat. — Diri'ct  extraction  of  bread  with  ether  or  light  petroleum 
spirit,  however  long  continued,  giv(>.s  too  low  results,  owing  to  the  fat 
being  cnclo.sed  by  the  starch  and  (h'xtrin.  The  results  are  lower  than 
tho.se  olitained  from  the  flour  from  which  the  bread  was  made.  The 
hallowing  method,  slightl}’  modified  from  that  given  by  AVeibull,  gives 
trustworthy  results,  l)ut  it  is  necessaiy  to  work  exactly  as  follows  : — 
4  grams  of  new  or  3  grams  of  stale  liread  or  dried  bread  solids  are 
put  into  a  70  c.c.  beaker,  and  coverixl  with  l-o  c.c.  of  watei’,  after  whiidi 
is  added  10  drops  of  dilute  sulphuric  acid  (20  per  cent.).  The  beaker 
is  then  placed  in  an  ordinary  saucepan  containing  a  little  water,  the 
lid  put  on,  and  the  contents  boiled  gmitly  for  at  least  4b  minutes,  or 
till  the  solution  gives  no  starch  rc'action  with  iodine.  While  still 
warm,  the  contents  are  carefully  neutralised  with  slight  c'xcess  of 
powdered  marlde  or  pure  precipitated  calcium  carbonate.  The  mixturc'^ 
is  then  heated  over  a  water  bath,  or  by  stamling  on  the  top  of  the  hot- 
water  oven,  until  concentrated  to  about  10  c.c.,  when  it  is  spiead  on  a 
strip  of  blotting  paper  (such  as  is  used  in  Adam’s  milk  ju'ocess  ^),  and 
any  liquid  remaining  in  the  beaker  is  removed  by  means  of  a  piece  of 
cotton  wool,  which  is  then  put  on  to  the  filter  paper.  The  latter,  rest¬ 
ing  on  iron  gauze,  is  first  dried  for  10  minutes  at  100'  C.  The  }>aper 
is  now  rolled  into  the  usual  shape,  and  then  dri(*d  for  — 4  hours  at 
100 — 103°.  After  this  it  is  placed  in  a  Soxhlet’s  apparatus,  and  ex¬ 
tracted  for  about  GO  times  with  ether  or  light  jK'trohuim  sju'rit,  the 
extraction  occupying  in  all  about  five  hours.  The  ether  .solution  is 
then  evaporated,  and  dried  in  a  weighed  dish  in  the  usual  manm>r. 
Comparative  ('stimations  of  the  fat  in  brc'ad,  and  in  the  flour  from 
which  it  was  made,  gave  perfectly  concordant  ri'sults  liy  this  method. 

Soluble  F.vtrart. — Take  2b  grams  of  flu*  bread  and  240  c.c.  of  wateig 
rub  down  with  a  little  of  the  wat(*r  into  a  jierfectly  unifoi-m  jiaste  in  a 
mortar.  Transfer  to  a  llask,  add  the  rc'iiiaimh'r  of  the  water  and  1  c.c. 
of  chloroform.  Shake  vigorously  at  intervals  during  tw(‘lvt‘  hours,  or 
allow  to  stand  ovi'rnight.  At  the  end  of  the  time  shakt'  again,  and 
allow  to  stand  for  half  an  houi'  for  the  solids  to  settle.  Filter  the 
supernatant  li(piid  until  perfi'ctly  bright,  and  evaporate  2b  c.c.  to  dry 


‘  'I'liu.so  consist  of  (liecus  of  stoat  blotting  iiapcr,  gg  indies  long  by  g.t  indies  wide. 
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ness  for  soluble  extract.  Un'iid  contains  on  the  average  about  40  per 
cent,  of  water,  and  therefore  there  are  10  c.c.  in  ’Jo  giwns ;  this 
(luantity,  together  with  the  '240  c.c.  added,  make  2:)0  c.c.  The  water 
extract  mav  therefore  be  viewed  as  a  10  per  cent,  solution  of  soluble 
matters  there  is  probably  no  generally  applicable  method  wlncli  e.x- 
tracts  the  whole  of  the  soluble  matter  of  the  l.read,  as  a  portion  is 
almost  certain  to  remain  behind.  If,  on  the  other  hand,  the  bread  be 
subjected  to  prolonged  boiling,  some  of  the  constituents  which  were 

not  originallv  soluble  are  thereby  dissolved. 

It  is  not  rVcommendcd  to  evaporate  the  bread  to  dryness,  and  make 
the  determinations  of  soluble  matters  in  the  powdered  dry  residue,  as 
this  does  not  at  all  readily  yield  uji  its  soluble  matter  to  water. 

Usually  10  c.c.  of  the  soluble  extract  solution  may  be 
taken  and  precipitated  with  Fehling’s  solution  in  the  usual  manner. 
Should  the  amount  of  precipitate  be  very  small,  another  10  c.c.  shouKl 

be  at  once  added.  .  i  i  -i  i 

SoM>/e  Starch  and  Dextrin.— may  be  determined  as  described 

in  naraiiraph  641,  Cliapter  XXTU  . 

Solnhle  Froteids.—  'i<^ke  25  c.c.  of  the  soluble  extract  so  ution,  evapo¬ 
rate  to  dryness  in  a  Hask,  and  determine  organic  nitrogen  by  Iv.ieldal.  s 
process.  The  difference  between  total  and  soluble  proteids  may  be 

returned  as  insoluble  proteids.  n 

5/^;-Ji._This  is  usually  taken  as  difference,  after  making  all  other 

determinations  ;  but  it  may  also  be  determined  direct  by  cither  of  the 
various  processes  given  in  Chapter  XXIY.  for  estimation  of  starcli. 
From  the  total  starch,  that  estimated  in  soluble  extract  solution  as 

soluble  starch  must  be  deducted.  -i  i  • 

Cellulose. _ This  may  be  determined  by  the  method  described  in 

paragrapli  642.  i 

Digestibility. — The  comparative  digestibility  of  bread  may  be  estimated 

by  the  method  described  in  Chapter  XXI.,  page  400. 
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ADULTEUATION. 

663.  Standard  Works  on  the  Subject. — Tn  giving  directions 
for  both  flour  and  bread  analysis,  we  have  hitherto  confined  ourselves  to 
.such  inodes  of  testing  as  enable  us  to  determine  the  quality  and  charac¬ 
ter  of  each,  apart  from  any  considerations  as  to  the  presence  or  .absence 
of  any  foreign  substances.  This  portion  of  our  t.ask  will  not,  however, 
be  comjjlete  until  an  outline  has  been  given  of  the  processes  employed 
in  the  analysis  of  flour  and  bread  for  the  purpose  of  detecting  adulteia- 
tion.  This  branch  of  chemistry  applied  to  the  arts  of  milling  and  bak¬ 
ing  has  received  considerable  attention,  and  several  standard  works  of 
reference  have  lieen  written  on  the  subject;  among  these  may  be 
mentioned  those  of  Allen  and  P>lyth,  both  of  which  represent  the  most 
recent  and  authoritative  opinions  of  chemists  on  the  problem.  For 
sever.al  of  the  tests  to  be  hereafter  described  the  writer  is  indebted  to 
these  works,  to  which  the  student  is  referred  for  further  and  more  de¬ 
tailed  information. 

664.  Information  derived  from  Normal  Analysis.— Some 

of  the  tests  .already  mentioned  in  the  description  of  the  norm.al  analysis  of 
flour  and  bread  serve  .also  as  indications  as  to  whether  a  sanqile  is  adul- 
ter.ated.  Thus  the  moisture,  if  unduly  high,  points  to  the  fact  that  the 
wheat  has  prob.ably  been  damped  ;  water  added  for  othcn-  i)urposes  than 
the  suflicient  softening  of  th('  bran  to  ])ermit  the  grinding  to  he  I’oadih' 
performed  must  be  looked  upon  as  an  adulterant.  It  is  a  debated 
point  whether  even  such  addition  of  water  as  this  is  permissible  ;  cer¬ 
tainly  there  should  not  be  enough  to  greatly  afl'ect  the  percentage  of 
moisture  in  the  dre.ssed  flour. 

The  percentages  of  ash  in  the  Ilnur  aflbrds  some  guide*  as  to  whe-ther 
the  sample  h:is  be'cn  tre'ate*d  with  mine'ral  substances.  A  tleeur  ash, 
when  ])re)perly  burneel,  sheeulel  amount  to  le'ss  than  1  per  cent.  ;  gre'ater 
(piantities  th.iin  this  are  probably  due  to  mineral  iidulteratieui. 

665.  Impurities  and  Adulterants  of  Flour. — The  feellowing 

are  senne  of  the*  foreign  substance's  that  are  at  times  feeiind  in  lletur  :  .sceels 
e)f  othe'r  plants,  iis  corn-ceeckle  and  elai'iie*!  ;  lilighteel  and  eigoti.seel  gr.ains 
— thesse  .are;  te)  be  vieweel  rather  as  inquirities  than  aelulterant.s,  the* 
latte*r  te'rm  being  confine*el  to  those  bodies  wilfully  aeleled  feer  ])Ui*peise*s  efl' 
frauel.  Among  the'se;  latte*r  ares  rye*,  l•ice'-me>al,  jeeetato  starch,  meiil  fi*om 
legumineeus  jihints,  eis  peas  anel  heans,  anel  the*  fesllowing  mineral  boelies  ; 
alum,  borax,  chalk,  carhemate*  of  inagne*sia,  .-ind  bone  ash. 

'I’lie*  tessts  feer  many  of  the-se  substance's  ares  in  juii't  microsceipical  ,  the 
chapte'rs  cenitaining  elirectieens  for  practical  niie*roscoi>ic  work  provieie* 
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infonuiiti(»7i  :uul  data  as  to  the  making  of  such  tests.  The  following  are 
the  ju'incijial  chemical  tests  for  the  boilies  above  mentioned  : — 

666.  Darnel. — Tie  at  a  little  of  the  Hour  with  alcohol  (rectified 
spirits  of  wine,  not  methylated  spirits),  digest  at  30°  C.  for  an  hour, 
shaking  occasionally.  Filter  and  e-vamine  the  filtrate.  This  should  be 
clear  and  colourless,  or  at  most  should  be  only  of  a  light  yellow  colour. 
In  the  event  of  the  Hour  containing  darnel,  the  alcoholic  extract  is  of  a 
greenish  hue,  and  has  an  acrid  and  nauseous  taste. 

Treatment  with  alcohol  and  a  small  quantity  of  acid  is  a  useful  test 
for  other  adulterants.  Extract  the  Hour  with  70  per  cent,  alcohol 
a  mixture  of  alcohol  and  water,  containing  alcohol  e<jui valent  to  70  per 
cent,  of  absolute  spirit),  to  which  5  per  cent,  of  hydrochloric  acid  has 
been  added.  Pure  wheat  or  rye  Hour  yields  a  colourless  extract  ;  barley 
or  oats  gives  a  full  yellow  tint ;  pea-Hour,  orange-yellow,  mildewed 
wheat,  2>urple-red  and  ergotiseil  wheat,  a  blood-red  colouration. 

667.  Ergot  and  Mould.— To  test  flour  for  ergot,  exhaust  20  grams 
with  concentrated  alcohol  in  a  fat  extracti(.)n  aiiparatus  ;  notice  the 
colour,  which  in  the  iiresence  of  ergot  is  more  or  less  red.  INIix  this 
solution  with  twice  its  volume  of  water,  and  shake  up  sejiarate  jiur- 
tions  of  this  mixture  with  ether,  amyl-alcohol,  benzole,  and  chloroform. 
Ergot  imparts  a  red  colour  to  the  whole  of  these  solvents. 

Vogel  recommends  the  flour  should  be  stained  with  aniline  violet,  and 
then  examiiu'd  under  the  microscope  ;  should  any  of  the  starch  granules 
have  been  attacked  by  ergot  or  other  fungoid  growths,  they  aciiuire  an 
intense  violet  tint;  while  if  they  are  [jerfectly  sound,  they  remain  com- 
jiaratively  colourless. 

Ergotised  Hours  evolve  the  peculiar  fish  like  odour  of  ti  imethylamine 
when  hcaited  with  a  solution  of  jDotash  :  the  same  smell  is,  however, 
evolved  by  Hour  otherwi.se  damaged.  The  test  is  of  service  in  dis¬ 
tinguishing  between  sound  and  unsound  Hours. 

The  use  of  mouldy  wheat  for  the  manufacture  of  Hour  can  readily  be 
detected  by  placing  the  sami:)le  in  a  tightly  stopjiei'cd  bottle,  dam|)ing  it 
and  })lacing  it  in  a  bath  lu'ated  to  about  30°  C.  Any  mouldy  taint  can 
readily  be  detected  after  thus  standing  for  two  or  three  hours. 

668.  Mineral  Adulterants.  —  The  lu-esence  or  absence  of  most 
foreign  mineral  matters  will  have  been  indicated  by  the  jieriumtagi'  of 
ash  yielded.  Alum  is,  however,  addl'd  to  Hour  in  ijuantities  too  small  to 
be  thus  detected.  One  of  the  most  ready  means  of  sejiarating  mineral 
•substances  from  Hour  is  by  means  of  what  is  termi'd  the 

669.  Chloroform  Test. — This  test  dei>ends  on  the  fact  that  chloro¬ 
form  has  a  density  higher  than  that  of  the  normal  constituents  of  Hour, 
but  lower  than  that  of  minerals  geneially  ;  consequi'iitly,  on  agitating  a 
mixture  of  Hour  and  chloroform,  and  then  allowing  it  to  rest,  tlie  Hour 
rises  to  the  surface,  and  any  mineral  adulterants  sink  to  the  bottom. 
On  the  small  scale,  for  the  jiurpo-se  of  a  qualitative  test,  a  large  dry 
te.st  tube  may  be  about  one-thii’d  lilled  with  the  Hour,  then  chloi’oform 
added  to  within  one  inch  from  the  toj).  The  tube  must  then  be  corked 
and  violently  shaken,  after  which  it  must  bi?  allowed  to  rest  for  some 
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houre;  tlio  iiiinorAl  niattpi-  will  then  bo  found  to  have  sunk  to  tin* 
bottom.  For  (juantitative  puri)oses  a  ghiss  “  .sei)arator  ”  is  roquisito. 
This  is  a  c}dinflrical  vessel  some  two  inches  in  diametei',  eight  or  ten 
inches  in  length,  stoppered  at  the  top,  and  fui’nished  with  a  stopcock  at 
the  bottom.  Introduce  in  this  vessel  100  grams  of  the  Hour  and 
al)()ut  'JoO  c.c.  of  methylated  chloroform;  treat  as  directed  for  the 
smaller  (juautity.  When  the  separation  is  etfected,  open  the  stopcock 
and  allow  any  sediment,  with  as  litth*  as  possible  of  the  licpiid,  to  run 
through.  Ti'eat  this  agaiii  with  a  little  more  chloroform  in  a  smalh'r 
.separator,  ami  once  more  drain  the  sediment  otf  through  the  stoi)Cock 
into  a  watchglass,  or  small  evaporating  basin.  Allow  the  chloroform  to 
(‘vaporate  ;  treat  the  dry  nssidue  with  a  small  quantity  of  watei',  and 
lilter.  Any  plaster  of  Paris  or  other  insoluble  mineral  matter  will 
remain  on  tlie  filter,  aiul  may  be  ignited  and  weighed.  Eva2:)'.>rate  the 
solution  to  diyness,  and  examine  the  n'sidue  carefully  with  a  low  power 
under  the  microscope  for  any  crystals  of  alum. 

670.  Special  Test  for  Alum.  -The  most  convenient  test  for 
alum  in  flour  consists  in  adding  thereto  an  alkaline  solution  of  logwood. 
Take  5  grams  of  recently  cut  logwood  chi^js  and  digest  them  in  a  closed 
bottle  with  100  c.c.  of  methylated  sjiirit.  Also  make  a  saturated  solu¬ 
tion  of  ammonium  cai’bonate.  Mix  10  grams  of  the  Hour  with  10  c.c. 
of  water,  then  add  1  c  c.  of  the  tincture  of  logwood  and  1  c.c.  of  the 
ammonium  carbonate  solution,  and  thoi'oughly  mix  the  whole.  AVith 
pure  Hour  the  resultant  mixture  is  of  a  slight  jiinkish  tint.  Alum 
changes  the  colour  to  lavender  or  full  blue.  The  blue  colour  should 
remain  on  the  sanq)le  being  heated  in  the  hot-water  oveji  for  an  hour 
or  two. 

671.  Alum  in  Bread. —  llread  is  tested  for  alum  by  Hrst  taking 
5  c.c.  of  the  tincture  of  logwood,  5  c.c  of  the  ammonium  carbonate 
solution,  and  diluting  them  down  to  100  c.c.  This  mixture  must  at 
once  be  poured  over  about  10  grams  of  the  ci'umbled  bi'ead  in  an 
evaporating  basin.  It  is  allowed  to  stand  for  Hve  minutes,  ami  then  the 
siqjerHuous  liquid  drained  oH‘.  Slightly  wash  the  bread  and  dry  in  the 
hot-water  oven.  -A  lum  gives  the  brciul  treated  in  this  manner  a  lavender 
or  dark  blue  colour,  which  is  iutensiHed  on  diying.  Pure  bread  Hrst 
as.sumes  a  light  red  tint,  which  fades  into  a  buff  or  light  brown.  After 
.souie  practice  this  test  gives  sati.sfactory  results,  and  is  so  sensitive  that 
as  little  ;)s  7  grains  of  alum  to  the  four-pound  loaf  have  been  detected. 
The  dej)th  of  colour  ati'ords  a  means  of  I'oughly  e.stimating  the  (piantity 
of  alum  pnesent.  It  is  essential  that  the  tincture  of  logwood  be  freshly 
ju'ejru'cd,  and  that  the*  test  Ik'  made  immedi:vtely  after  mixing  the 
tincture  of  logwood  and  ammonium  carbonate  solution. 

672.  Young  on  Logwood  Test  for  Alum,  in  ISSG  AMung 

pointc'd  out  (Th(‘  .Analyst)  that  under  certain  cii'cumstances  binsid  which 
is  absolutely  free  from  alum  gives  the  chai'actei'istic  reaction  with 
logwood.  On  inv(‘stigation  it  was  found  that  the  tlour  used  gave  no 
indication  by  logwood,  luit  that  the  bi-ead  gave  a  very  distinct  coloui'ation. 
The  sample  was  heavy  and  sour  subsequent  experiimmts  showed  that 
the  eolouriition  was  directly  due  to  th(‘  acidity.  On  taking  ])Ui't'  breads, 


wliicli  were  absolutely  negative  to  the  loijwood  test,  and  iiioisteniii.n' 
with  dilute  acetic  acid  (1  to  2.00  of  Avater),  and  letting'  stfuid  foi- one 
hour,  all  gave  a  most  intense  blue  colour  with  logwood.  So  also  did 
pure  Hour  similarly  treated.  Young  considers  this  effect  to  be  (Un*  to 
phosphate  of  alumina  (a  body  normally  produced  from  the  mineral 
constitiumts  of  Hour),  being  slightly  soluble  in  dilute  acetic  acid,  and 
(juotes  experiments  in  proof  of  such  solubility.  He  further  found  that 
such  phos])hat(‘  of  alumina  exists  in  a  state  of  combination  xvith  tlie 
gluten,  and,  as  a  result  of  car(*ful  washing,  was  able  to  ])rocu]e  staich, 
which,  .after  treatment  with  acetic  acid  .and  subsecpient  .apjdication  of 
the  logwood  test,  gave  no  colouration. 

Ill  a  (juantit.ative  experiment  some  best  (juality  Hung.arian  Hour 
taken,  'S'ielding  O'T  per  cent,  of  ash  .and  8  p(*r  cent,  of  dry  gluten.  J  he 
gluten  was  washed  out  in  a  muslin  bag  and  dried,  20  gi’ams  were  taken, 
finely  powdered,  and  treated  with  250  c.c.  of  50  per  cent,  acetic  acid, 
and  heated  in  the  water  b.ath  for  28  hours.  The  gluten  h.ad  then  dis¬ 
solved,  leaving  a  sediment,  from  which  the  clear  liipiid  xvas  poured,  and 
the  residue  again  twice  treated  in  the  same  manner  with  the,  fliluted 
acetic  acid.  The  three  lots  of  acid  extract  were  e'vaporated  to  drj-ness, 
and  the  residue  burned  to  .a  perfect  ash — this  w.as  treated  in  dilute 
hydrochloric  acid,  and  the  insoluble  residue  fused  with  alkaline  cai- 
l)onates,  dissolved  in  dilute  hydrochloric  .acid,  Hltered,  and  Hltrate 
added  to  acid  .solution  of  ash.  This  was  ag.ain  evapor.ated  to  dryness, 
redissolved  in  small  (piantity  of  hydrocliloric  acid,  Hltered,  Hltiate 
boiled,  and  cautiously  added  to  2-5  c.c.  of  saturated  solution  of  pure 
sodium  hydrate,  also  "boiling,  and  kept  boiling  for  a  few  minutes.  1  lie 
precipitate  was  dissolved  with  hydrochloric  acid,  and  precipitated  with 
s.aturated  solution  of  sodium  phosph.ate  .and  slight  excess  of  ammonia. 
Aft(*r  ten  minutes’  boiling,  the  precipitate  of  aluminium  phosphate  was 
collected,  Hltered,  and  weighed.  The  20  grams  of  ghffen  yielded 
0'0185  gram  of  aluminium  phosjihate,  equal  to  O'OlSTo  from  250 
grams  of  Hour,  or  0'0075  per  cent.  Alumina  was  thus  shown  to  be  a 
natural  constituent  of  flour,  and  as.sociated  with  the  gluten.^  ihe 
alumina  thus  normally  present  justiHes  a  deduction  being  made  of  from 
7  to  8  grains  of  alum  per  4-lb.  loaf  from  the  amount  corresponding  to 
total  alumina  by  analysis. 

For  further  experiments  by  Y’oung  on  the  solubility'  of  aluminium 
phosphate  in  acetic  acid,  the  reader  is  refernsl  to  tla^  Analy.st  for 
April,  1890.  He  there  shows  that  the  ju’esence  of  ammonium  acetate, 
and  also  th.at  of  ammonium  chloride,  prevent  the  complete  precipitation 
of  aluminium  phosphate  in  the  presence  of  acetic  acid. 
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notp:  on  plates. 


To  Ijctter  suit  tlie  size  of  tlie  page,  Plates  I.,  II.,  III.,  and  V.  have 
been  slightly  reduced  :  in  consequence  the  magnihcation  is  only  seven- 
eighths  of  that  specified  in  each  case.  For  e.\ainple,  the  starches  in 
Plate  I.  have  only  an  approximate  magnihcation  of  87‘5  instead  of 
1 00  diameters  :  the  same  proportionate  reduction  applies  to  the  other 
plates  mentioned. 

Owing  to  delay  caused  by  the  diOlculties  encountered  in  obtaining  a 
satisfactory  reproduction  of  the  Coloured  Plate  No.  XIV.,  it  became 
necessary  to  print  off  the  descri})tiv(^  letterpress  (j»p.  519 — 5’20)  before 
the  conqiletion  of  the  Plate.  The  original  copy,  as  supjilied  by  the 
author,  furnished  (‘xamples  of  the.  shades  (jf  .sets  of  tintometer  glasses 
emjiloyed  in  determining  the  colour  of  Hours,  and  also  of  a  number  of 
I'epresentative  lioui’s.  The  tintometer  readings  given  on  the  Plate  are 
those  of  the  (original  copy  :  on  recei})t  of  the  printed  proof,  the  colours 
as  reproduced  we.i-e  alsr)  lead  by  tin*  tintometer.  As  some  guide  to  the 
degree  of  accuracy  of  the  Plate,  both  sets  of  readings  are  given  below  ; — 

Tintometer  Keadiiigs  of 


Original  Cory. 

I’rinteil  Proof. 

Yellow  Scale,  lightest  tint,  ... 

0-r.  Y'. 

0-5  Y'. 

,,  darkest  tint,  ... 

2-.'.  Y. 

2-3  Y. 

lied  Seale,  lightest  tint, 

O'.')  R. 

I'l  R. 

,,  darkest  tint. 

Mi.\ed  Yellow  and  Red  Seale,  lightest 

2 '.a  R. 

2 '4  R. 

tint, 

0-28  Y.  f0'21  R. 

0'.30  Y'.  4- 0-24  R 

Alixed  Yellow  and  Red  Scale,  darkest 

tint. 

1  -1  Y.  ,  1-2  R. 

I  'l  Y.  t  r2  R. 

No.  1.  l!hle  Scale, 

2'.')  R. 

2-5  R. 

,,  2.  S[iring  Rakers'  h'lonr. 

1-8  Y'.  i  I't  R. 

1 '()  Y'.  !  1  "2  R. 

.,  :k  ,,  ,,  -dnd  sample. 

1-7  Y.  ,  I'd  R. 

1  '7  Y'.  4  1 '.")  R. 

,,  1.  Red  1  log  1 'lour.  Spring  Wheat,  1 

•0  Y'.  •  R:!  R.  +  R2  R. 

2'7  Y.-(-3'4  R.  :  11 

,,  Winter  .Vnierican  Wheat  Ratent, 

O'l.")  Y.-r0'2  R. 

0-4  Y'.  -rO'2  R. 

,,  (i.  Rnglish  Ratent,  Rlended  Wheats, 

0-7  Y'.  +  0'8  R. 

o 

•1- 

o 

,,  7.  Hungarian  Ratent, 

1  '0.')  Y.  t  0'-ir>  R. 

0'8  Y'.  t  O'l)  R. 

,,  8.  .Spring  .Vnierican  W  heat  I’atent, 

O'hO  Y'.  +0't)  R. 

I'l  Y'.  +  ro  R. 
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On  conipiiring  these  readings,  it  will  he  ohsei'vod  that  th(!  Yellow 
Seale  is  i-eprochiced  with  great  accuracy  ;  so  also  is  the  lower  (uid  of  tin* 
Red,  but  the  lighter  end  is  more  than  double  the  depth  of  tint  it  was 
desired  to  reproduce.  The  nnx(*d  Yellow  and  Red  scale  comes  out 
well,  all  colours  being  as  nearly  as  possible  of  the  coria'ct  value. 
Knowing  the  value  to  be  attached  to  each  end  of  the  \  arious  sca!(‘s, 
the  reader  can  estimate  for  himself  the  approximate  value  of  the 
intermediate  shades.  The  single  tint  from  the  Rlue  .scale  is  also  well 
reproduced. 

Turniiig  to  the  flours,  Nos.  2  and  3  difter  but  little  from  the  originals. 
No.  4  is,  however,  considerably  lighter  in  the  Plate  than  in  the  “copy.” 
The  Winter  American  Patent  is  closely  matched.  Tlu;  English  Patent, 
No.  G,  is  much  too  red  :  so  also  are  the  Hungarian  and  Spring  American 
Patents,  Nos.  7  and  8.  The  shade  given  as  that  of  the  Hungarian 
flour  almost  exactly  reproduces  that  of  the  Spring  American  Patent, 
No.  8.  Hungarian  flour  is  much  more  yellow  and  “bloomy”  than  the 
Plate  shows. 

With,  these  e.xplanations  the  Plate  affords  what  is  hoped  will  be  a 
very  useful  demonstration  of  the  value  to  be  attached  to  the  various 
tintometer  readings  given.  In  all  such  cases  there  is,  however,  con¬ 
siderable  difliculty  in  accurately  reproducing  delicate  tints,  such  as 
those  of  flour,  by  mechaiiical  printing  processes. 
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FOR  BEST  VALUE 

IN 

FLOUR, 

HUNGARIAN,  AMERICAN,  &  ENGLISH, 

APPLY  AT  ONCE  TO 

P.  H.  ZUPPINOER, 

jforeion  flour  importer, 

59,  MARK  LANE,  AND  STAND  69,  NEW  CORN  EXCHANGE, 

LONDON,  E.C. 


ESTA.BLISECEID  187S.  •'^Sss 

Sole  Importer  for  the  last  77  years  of  the  Hungarian  Flour  of 
the  Brands — 2  Lions’  Heads,  ‘0,’  ‘I,’  and  ‘2.’ 


Mr.  W.  Jago,  having  recently  made  elaborate  tests  of  the  above  Hungarian 

Flours,  reports  as  follows  : — 

Loaves  made  of — 

Lions’  Hoads — Shape  and  general  appearance  good,  texture  fine, 
0  pile  good,  bloom  and  colour  very  good.  Loaf  moist, 

without  soddenness,  ami  very  sweet  flavour. 

Lions’  Hoads — Bold  loaf  of  good  appearance  .incl  texture,  colour 

1  white,  hut  not  so  bloomy  as  the  priiceding. 

Lions’  Hoads — Shape  and  volume  good,  colour  fair,  loaf  moist  and 

2  sweet  flavoured. 

“  No.  0  is  a  Hungarian  Patent  of  the  highest  class,  and  possesses  to  the 
V’L’LLEST  E.XTE.N'T  the  unique  characteristics  of  Hungarian  Flour.  Nos.  1  and  2 
are  cheaper  flours,  and  while  below  the  0  in  ipiality,  are  still  high-class  flours  of 
their  respective  types. 

“  I  have  known  this  line  of  flours  for  a  considerable  time,  and  am  able  to  speak 
well  of  them  from  the  point  of  view  of  general  excellence.” 

(Signed)  WILLIAM  .JACK). 


SS 


AUVEKTIHKMENTS. 


xviii 


MICROSCOPES  for  all  purposes. 


Agent  for 

C.  ZEISS, 

E.  LEITZ, 

C.  REICHERT, 

And  other  Foreign  Microscope 
Manufacturers. 


C.  BAKER, 

243  &  244,  HIGH  HOLBORN 


THE  MODEL  HISTOLOGICAL  MICROSCOPE, 

As  iigured,  with  1  Eyc-jiiece  and  ’2  Objectives,  1  inch  and 

j-inch,  Diaphragms,  and  iNlahogany  Case,  -  £6  10  - 

BACTERIOLOCICAL  MICROSCOPES, 

With  6)  ‘*'**‘^^  tV  Jnnnersion,  2  Eye-pieces,  Abbe  Con¬ 
denser  witli  Iris  Diaphragm,  Nose-piece,  and  Case,  £16  £18 

SACCHARIMETERS,  -  -  £3  15  -  and  £5 

MICROSPECTROSCOPE,  -  -  -  £8  5- 

OVEN  THERMOMETERS,  -  7  6,  12  6,  21  - 


ILLUSTRATED  CATALOGUES  POST  FREE. 
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ESTABLISHED  187  3. 


THE 

AMERICAN  MILLER. 

lpubl^i?bc^  the  first  bav’  of  each  iiioutb 


MITCHELL  BROS.  CO,, 


184,  DEARBORN  ST.,  CHICAGO, 
ILLINOIS,  U.S.A. 


The  oldest  and  largest  Milling  Journal  in  America. 
Each  issue  contains  80  or  more  pages. 


SUBSCBIPTION  PRICE,  per  Year  in  Advance. 

In  the  United  States  and  Canada,  $2'00. 

In  Great  Britain,  Australia,  and  the 

Colonies,  -----  12/-  sterling. 

In  France,  -  -  -  -  -  15  francs. 

In  Germany,  -----  12  marks. 

SAMPLE  COPY  FREE  BY  MAIL. 


Messrs.  W.  H.  SMITH  &  SON, 

186,  STRAND,  LONDON,  ENGLAND, 

Are  authorized  to  receive  Subscriptions. 


XX. 


AIJVKKTISEMENTS. 


Mr.  W.  JAGO’S 

REPORT  ON  COTTOLENE 

UltKiHTo.N',  -iQtli  Fchrunry,  1805. 

1  have  received  from  Messrs.  BIGLAND,  SON8,  ci:  JEFFREYS, 
of  Liver])Ool,  an  ordinai-y  5G-lb.  Tub  of  Cottolono  for  purposes 
of  experiment  and  analysis.  I  find  this  sul)stance  to  consist 
practically  of  100  per  cent.  Pure  Fat,  the  following  being  the  actual 
results  obtained  by  analysis  : — 

Percentage  of  Pure  Fat,  -  -  99'982. 

I  also  caused  to  be  conducted  under  my  j)ersonal  supervision  in 
the  .Baking  Department  of  my  Laboi'atory,  practical  tests  of  the  use 
of  CoTTOLENE  both  ill  Cake  and  Bread-making,  with  the  following 
results  : — In  very  rich  cakes,  composed  entirely  of  hour,  sugar,  eggs, 
and  Fat,  I  found  the  “shortening-”  effect  of  12  ozs.  of 
Cottolene  practically  equal  to  that  of  1-lb.  best  butter. 

On  the  other  hand,  the  havour  of  the  Cottolene  Cakes  was  not  fully 
equal  to  those  which  were  butter-made,  there  being  in  the  former 
rather  an  absence  of  butter  havour,  than  the  slightest  suspicion  of 
any  .strong  or  unpleasant  taste  of  their  own. 

Using  the  formula  of  4  ounces  of  best  butter  to  8  ounces  of 
Cottolene,  the  havour  is  quite  equal,  if  not  superior,  to  that  of 
either  off-quality  butter,  or  even  good  margarine,  while  the  same 
shortening  effect  is  produced  by  about  80  per  cent,  of  the  mixture 
as  against  buttei’.  For  fruit  cakes,  made  from  regular  trade  recipes, 
with  this  proportionately  less  quantity  of  shortening,  the  havour  is 
such  that  the  general  pul)lic,  as  distinguished  from  the  trade  e.xpert, 
would  have  difficulty  in  deciding  which  of  two  cakes  was  made  from 
the  Cottolene  mixture  and  which  from  ordinary  butter. 

In  bread-making-  the  employment  of  COTTOLENE  in 
the  proportion  of  from  6  to  8  ounces  per  bushel  of 
flour  used  effects  a  marked  improvement ;  the  crust  is 
shortened,  and  the  crumb  of  the  bread  rendered  moister. 

The  use  of  f  ins  article  effects  a  saving  in  working,  as  there  is  no 
loss  of  either  weight  or  time  in  liaving  to  wash  out  salt  and  water. 

Finally,  for  hygienic  reasons,  Cottolene  may  with  safety  be  used 
as  a  pei'fectly  harmle.ss  and  innocuous  siil)stitut('  for  other  fats 
(‘inployed  for  dieti’fic  purposes. 

(Signed)  WILLI  A.M  JACO,  F.l.C.,  EC.S. 
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BAKER  &  CONFECTIONER 

Is  now  uniuersally  recognised  as  the  LEADING  PAPER  for 
the  BAKING  and  CONEECTIONERY  TRADES. 

IT  HAS 

THE  BEST  WRITERS, 

THE  MOST  READERS, 

THE  BEST  RECIPES, 

THE  MOST  NEWS. 


Published  every  Frida.y.  To  be  had  of  all  Newsag^ents. 

SUBSCRIPTIONS. 

Three  Months,  post  free,  Is.  8d. ;  Six  Months,  post  free,  3s.  3d. ;  Annual, 
post  free,  6s.  Od.  Within  the  Postal  Union,  8s.  per  annum. 

FREE  INSURANCE  for  our  Readers  against  Train,  Omnibus,  or 

Tramcar  Accidents. 


To  Advertisers,  the  Baker  and  Confectioner  offers  an  unrivalled 
niediuni  of  connnunication,  as  it  is  taken  l)y  all  the  leading  men  in 
the  trade,  and  lias  a  circulation  very  considerahly  in  e.xcess  of  that 
of  other  weeklies  coinhined.  It  has 

THE  LARGEST  CIRCULATION, 

THS  BEST  CIRCULATION, 

THE  ONLY  GUARANTEED  CIRCULATION. 


13,  GURSITOR  STREET,  LONDON,  E.C. 


XXll 


ADVKRTISKMKXTS. 


The  vastly  superior  principle  on  which  these  Ovens  are 
constructed  makes  their  adoption  by  the  trade 
generally  a  certainty,  at  no  distant  date. 

Amongst  other  Advantages  are  the  following  ; 

Greater  Economy,  Greater  Durability. 

Greater  Cleanliness. 

Absolutely  continuous  working  with  even  baking 
throughout. 

Absolute  control  over  tcmiK-ralurc. 

A  better  bloom  and  less  loss  of  weight  than  in  the  case  of  any 
other  Oven  in  existence. 


COPY  OF  TESTIMONIAL. 

Mcksi'k.  Cox  X  Son,  Mk.oiy's  ItKAniNn  Hi.sciit 

A  ['ictoria  Parade,  Tonjiin!/.  RKAinxc.,  ■'•Ili  \or.,  tS'j!,. 

CiKNTi.KMKN,  —  III  re]ily  to  your  entjuiry,  we  are  glad  to  say  that  tlie 
Double-Deck  Dveiis  (lO  feet  by  S  feet  eacli)  vou  erected  for  us  last  April  are  doing 
excellent  work  ;  in  fact,  we  wish  for  nothing  belter. 

They  are  always  ready  for  work,  absolutely  continuous,  under  perfect  control  ; 
the  two  Ovens  working  at  the  same  lime  at  different  temperatures.  They  are  also 
extremely  economical  in  fuel. — N’ours  faithfully. 

(Signed)  Mlf.MA'  A  t'O.,  Limited. 

OLOVL  J.  OARTKR,  .Secretary. 

FULL  PARTICULARS  AND  ESTIMATES  FREE  ON  APPLICATION. 

ooix:  &  sozsr, 

Engfineers  and  Oven  Builders,  TORQUAY. 
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ESTABLISHED  1864. 

THE  BAKERS’  RECORD: 

H  IRewspapct  for  JBa^ers  anb  Confectioners 
anO  BssociatcO  'Cra&cs. 


EVERY  FRIDAY— PRICE  2d. 

POST  FREE  FOR  A  YEAR  FOR  8s.  8d. 


BEST  KNOWN.  MOST  READ. 
UNRIVALLED  FOR  ADVERTISERS. 


It  gives  the  best,  latest,  and  most  reliable  news,  and 
maintains  the  popularity  and  high  position  it  has  enjoyed 
for  over  30  years  as  the  most  successful  of  all  trade  papers. 


SCALE  OF  ADVERTISING  CHARGES. 

S.  D. 

Employers  requiring  Hands,  four  lines  and  under  (every  addi¬ 
tional  line,  6d.)  ..  ..  ••  2  0 

Business  Advertisements,  four  lines  and  under  (every  additional 

line,  6d.)  ..  ..  ..  ..  ..  •.  ••  2  6 

Journeymen  seeking  Situations,  four  lines  and  under  (every 

additional  line,  3d.)  ..  ..  10 

Eight  Words  to  the  Line.  Three  Insertions  for  the  Price  of  Two. 

Displayed  Advertisements,  3/6  per  inch  per  Insertion. 

Special  Terms  for  a  Series. 


EDITORIAL  AND  ADVERTISING  OFFICE:- 

68,  FARRINGDON  STREET,  LONDON. 


The  Prrxidcnt  of  the  Ndtioiinl  Association,  Mi'.  ALFRED  TA  1  LOR,  says: 

“  1  DO  now,  and  have  ever  Kince  I  have  known  The  Rakers'  Record,  con!.;ratnlate 
you  upon  the  entire  absence  of  all  littleness  and  the  constant  eontinuanee  of  the 
high  tone  that  runs  throughout  all  the  colunins  of  your  .Tournal. 
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ADVERTISEMENTS. 


FOR  DESCRIPTION  OF 

CLIMAX 

OVENS 

AND 

MACHINERY 

See  Pages  453-480. 


For  all  Information  and  Particulars 

apply 

WILLIAM  JAGO, 

CORNWALL  HOUSE,  35,  QUEEN  VICTORIA  STREET, 

LONDON,  E.C.; 

AND 

32,  CLARENDON  VILLAS,  BRIGHTON 
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USERS  OF  THE 

CLIMAX  OVEN 

SA  Y 


Mr.  C.  DOWNHAM,  5,  Bank  Buildings,  Hastings. 

Dear  Mr.  Taco, — In  reply  to  your  in(|uiry  us  to  the  Ci.imax  Oven  you 
built  for  me  about  cii^hteen  months  ago,  I  am  pleased  to  say  that  it  has  from  the 
first  given  me  every  possible  satisfaction.  The  oven  is  thoroughly  well  built,  and 
I  feel  certain  from  the  best  materials.  The  oven  bakes  a  first-rate  loaf  of  Itread, 
and  as  a  I’astry  ami  Cake  oven  is  as  good  as  I  have  yet  seen.  The  goods  have  a 
perfect  blo{)m,  and  are  baked  perfectly  even  all  over  the  oven,  kor  simplicity  of 
working,  economy  of  fuel  and  space,  and  general  e.Ncellence  of  results,  the  oven  is 
everything  I  could  wish  for  in  an  t)ven.  Most  certainly  when  I  want  to  make  any 
additions  to  my  baking  plant,  I  .shall  certainly  come  to  you  ;  and  if  at  any  time  you 
refer  any  one  to  me,  I  shall  be  very  pleased  to  show  it  them. 

\'ours  very  truly, 

i6th  October,  1S91.  _ _  C.  D(J\^NHAM. 


Harrow  School  Laundry  and  Bakery  Co.,  Ltd. 

The  Climax  Oven  is  giving  the  greatest  possible  satisfaction.  The  Bread 


turned  out  is  excel  lent. 


II.  STRICKLAND,  Secretary. 


Mr.  A.  R.  WSB3TBR,  2,  Church  Road,  West  Brighton. 

I  have  much  ideasure,  in  reply  to  your  inquiry,  to  state  that  the  Doidde- 
Decker  Ci.i.max  Oven  you  liuilt  for  me  is  giving  every  satisfaction,  .\fter  giving 
much  time  in  examining  ovens  built  by  several  of  the  best-known  builders,  and 
also  testing  the  work  turned  out  by  them,  I  finally  decided  on  giving  you  the  order, 
and  am  now  pleased,  after  having  used  them  both  for  Bread  and  I’astry  for 
three  months,  to  be  able  to  write  so  satisfactorily  of  them.  They  give  as  good 
a  bloom  as  the  side-flue  oven  does,  and  of  course  much  cleaner,  ami  with  jiroper, 
or  perhaps  1  should  say  ordinary,  management,  are  ready  to  bake  two  or  more 
batches  of  Bread  contimumsly  one  after  the  other,  with  only  an  interval  of  15  to  20 
minutes.  They  are  decidedly  economical,  as  they  only  burn  about  nine  cwt.  of 
coke  in  eight  or  nine  days. 

Should  you  wish  at  any  time  to  show  them  to  anyone  thinking  of  giving  you  an 
order,  I  shall  have  much  irleasure  in  letting  them  see  mine. 

Vours  truly. 

Tune  19th,  1S91.  ARTHUR.  R-  WLBSTLR. 


Mr.  L.  HERBERT,  Lion  Bakery,  61,  Northgate,  Gloucester. 

Dear  Sir, — The  Three-Decker  Combination  Ci.i.m.ax  Oven  I  some  time  ago 
ordere<l  from  you  has  mnv  been  at  work  about  two  months,  and  you  will  be  glad 
to  know  is  doing  thoroughly  well  in  every  respect. 

I  have  no  difficulty  in  following  batch  after  batch  in  the  Drawplatc  Oven  with 

WILLIAM  JAGO, 

Cornwall  House,  35,  Queen  Victoria  St.,  LONDON,  E.C., 
and  32,  Clarendon  Villas,  BRIGHTON, 


X  X  \  1 


ADVKKTISKM  KXT8. 


USERS  OF  THE 

CLIMAX  OVEN 

SAY 


an  interval  of  twenty  minutes  between  each  liatcli.  This  is  (|uite  as  soon  as  my 
men  can  ^et  the  l)atch  ready  :  and  as  the  settinj^  and  drawing  of  the  260  half- 
fiuarlern  loaves  is  done  in  less  than  three  minutes,  this  means  very  quick  work 
indeed.  The  twf)  upiier  peel  ovens  are  both  admirable  Bread  ovens,  and  will  bake 
continuously  if  necessary.  On  a  Saturday  as  many  as  three  batches  have  been 
baked  in  (me  of  them  without  a  break,  and  this  could  have  been  continued  as  long 
as  was  desired. 

In  bloom,  boldness  of  loaf,  and  general  characteristics,  the  Bread  is  all  that 
could  be  wished,  I  cannot  speak  too  highly  of  the  quality  of  the  workmanship, 
materials,  and  fittings  used  in  their  construction.  In  this  respect  they  far  e.xcel  any 
other  oven  I  have  seen. 

In  addition  to  my  bread,  I  also  do  a  large  confectionery  and  cake  trade;  for  this 
the  ovens  are  perfectly  suited. 

Whether  retiuiring  drawplate  or  peel  ovens,  I  can  confidently  recommend  my 
fellow-bakers  to  place  their  orders  with  you.  I  am  myself  heartily  glad  that  I  gave 
the  Cl.lM.VX  Oven  the  jireference. 

1  shall  be  pleased  to  show  my  ovens  to  anyone  thinking  of  building  new  ones, 
and  anr  yours  faithfully, 

August  i/lh,  1891.  LIONEL  HERBERT. 


Messrs.  W.  LEWIS  &  SON,  Church  Street,  Malvern. 

No  doubt  you  have  expected  to  hear  from  us  ;r  the  Cl.IMAX  Combination 
Double-Decker  Oven  you  ]nU  in  for  us  more  than  fifteen  months  ago.  It  is  a 
perfect  success,  filling  all  our  ex])ectations,  and  performing  all  you  promised  for  it. 
We  find  it  (or  them) 

(i. )  Saving  in  l•'uel  (about  20  per  cent.) 

(ii.)  .Saving  in  Weight  of  Bread,  and  consecpienty  a  greater  yield  of  loaves  per 
sack. 

(iii. )  Splendid  .\dvertisenrent  on  bottom  of  each  loaf. 

(iv.)  No  Bread  spoiled  by  burning,  “  boiling,”  or  twisted  tops. 

(v.)  No  loss  of  time  betw  een  batches — we  can  bake  continuously  day  and  night 
with  at  most  an  interval  of  twenty  minutes  between  the  batches. 
Besides  these  few  advantages  over  other  ‘‘  Patent  ’’  I  lot  Air  ovens  we  have  used, 
we  find  that  from  the  “Climax”  our  Bread  has  that  beautiful  bloom  so  much 
coveted  by  modern  b.akers.  They  are  perfectly  suitable  for  a  mixed  trade,  as  they 
are  (piile  under  control,  and  we  can  bake  either  Pastry  or  Bride  Cakes  with  an 
astonishing  short  interval  betw  een.  Wishing  you  the  success  you  so  richly  deserve. 

We  are,  Nc., 

Inly  I2th,  1892.  WM.  LEWIS  N  .SON. 


WILLIAM  JAGO, 

Cornwall  House,  35,  Queen  Victoria  St.,  LONDON,  E.C., 
and  32,  Clarendon  Villas,  BRIGHTON. 
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Mr.  A.  F.  PALMEB,  Fishponds,  Bristol. 

In  reply  to  your  inriuiry  re  Ovens,  I  am  pleased  to  say  they  are  woikint;  \ei) 
satisfactorily.  And  during  the  short  time  1  have  used  them  (.about  .six  months)  we 
have  had  good  evidence  of  their  efficiency  and  economy. 

Vours  truly, 


February  23rd,  1893. 


A.  F.  I’ALMFR. 


Mr.  J.  "WESTMORLAlSlD,  Bull  Street,  Darlaston. 

Dear  .Sir,— The  Double-Decker  Ci.tMAX  Oven  you  put  in  for  me  last  July 
is  a  perfect  success  and  giving  every  satisfaction.  It  is  very  simple  to  work,  gi\es 
a  good  solid  heat,  and  ii  a  first-class  Tread  oven,  quite  etiual  to  the  old  flue  oven 
in  every  respect,  besides  being  perfectly  clean,  continuous,  and  solid  ;  advantages 
which  effect  a  very  considerable  saving  of  time  and  trouble.  As  regards  materials 
and  workmanship,  they  are  the  most  substantially  built  ovens  I  have  ever  seen. 

Wishing  you  every  success,  iS:c. , 


February  i6th,  1893. 


J.  WESTMORLAND. 


Mr.  W.  S.  GOODRAM,  61,  Magdalen  Street,  Colchester. 

I  have  veiy  great  pleasure  in  letting  you  know  how  exceedingly  well  youi 
Cli.m  ax  Ovens  vou  erected  for  me  answer  to  your  recommendation,  doing  then 
work  quickly  ami  well  in  every  detail.  In  addition  to  a  great  saying  of  time,  thp- 
have  a  perfection  of  cleanliness  and  equality  of  b.akmg  well  mgh  impos.sible  to 
excel.  They  are  in  my  estimation  far  siqrerior  to  any  steam  ovens  I  have  yet  seen. 
Trusting  you  will  meet  with  the  success  due  to  you, 


5th  April,  1S93. 


1  remain,  Nc. , 

Wk  S.  (iOODRAM. 


Mr.  W.  T.  WAYMOUTH,  Climax  Bakery,  St.  Marychurch, 

Torquay. 

The  Three-Decker  Combimation  Ci.imax  Oven  you  erected  for  me  some  time 
ago  is  a  perfect  succe.ss.  I  h.ave  worked  both  a  side-flue  and  steam  oven,  but  con¬ 
sider  yours  far  superior  to  either  ;  it  bakes  Tread  to  perfection,  and  immediatel) 
after  is  quite  ready  lor  Tastry  and  Cake,  which  is  a  great  boon  to  any  baker  doing 
a  mixed  trade.  I  should  be  very  ]ileased  to  show  my  ovens  to  anyone  m  the  traite, 
and  consider  they  are  as  near  perfection  as  can  be. 

k'ours  very  truly, 

17th  November,  1893.  T.  WAVMOUTTl. 


WILLIAM  JAGO, 

Cornwall  House,  35,  Queen  Victoria  St.,  LONDON,  E.C., 
and  32,  Clarendon  Villas,  BRIGHTON. 
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Mr.  JOHN  A.  FISHER,  Westgate  Street,  Gloucester. 

I  have  much  pleasure  in  slating  that  I  am  very  pleased  with  the  Double- 
Decker  Climax  (Iven  which  you  built  fur  me  in  May  last.  1  consider  they  are  an 
immense  advance  ujinn  the  old  side-flue  oven.  They  are  a  very  great  save  in 
fuel  and  labour,  and  are  very  suitable  for  baking  fancy  bread,  buns,  pastry  or  cakes, 
giving  to  the  goods  a  rich  ai)pearance  not  obtainable  in  my  old  oven.  As  regards 
cleanliness  they  are  a  (lerfect  boon,  and  being  built  of  the  best  materials  I  should 
think  they  would  last  many  years.  I  shall  have  great  pleasure  in  recommending 
them  to  anyone  who  intends  building  ovens,  ^'ou  may  make  any  use  of  my  name 
you  wish  in  reference  lo  your  ovens. 

Vours  truly, 

I  ith  December,  1S93.  JOHN  A.  KISHEK. 


Mr.  S.  C.  LUCKLY,  32,  Regent  Street,  Clifton,  Bristol- 

I  Laving  now  been  working  the  Climax  Ovens  for  nearly  two  years,  the  irublic 
won’t  say  that  I  give  you  a  testimonial  before  giving  them  a  trial.  The  drawplate 
is  a  great  improvement  to  what  I  had  been  accustomed  to  fur  forty  years,  and  the 
cleanliness  in  the  bakehouse  is  a  great  consideration,  the  furnace  being  away  at  the 
back.  But  not  the  least  to  think  of  is  the  cost  of  fuel  :  my  coal  bill  used  to  be 
,^40  iier  year  for  two  ovens  of  the  old  style  ;  now  for  coke  for  the  three  (,'l  IMA.X 
Ovens,  per  year.  If  any  baker  intends  making  any  alteration  in  his  ovens,  I 
shall  be  glad  to  give  any  information  to  help  him  to  decide  for  the  Cl.lM.VX. 

\’ours  truly, 

6lh  Lebruary,  1894.  S.  C.  LUCKLY. 


Cainscross  and  Ebley  Co-operative  Society,  Ltd.,  Cainscroas, 

near  Stroud. 

.Mk.mc.  10  .Mr.  NV.  Jaco, — \Ve  find  your  Oven  everything  to  be  desired  in 
an  oven,  doing  its  work  admirably.  It  has  turned  out  very  successfully,  producing 
a  loaf  that  is  a  credit  lo  us,  and  that  has  led  to  an  expanding  trade.  The  fuel 
burnt  is  less  in  ])roporlion  to  that  used  by  our  ])revious  ovens,  and  the  workmanship 
could  not  be  better.  \'our  ovens  are  certainly  the  best  anu>ng  the  many  1  have 
seen. 

jrd  .September,  1894.  B.  IIUD.SON,  Mauager. 


WILLIAM  JAGO, 

Cornwall  House,  35,  Queen  Victoria  St.,  LONDON,  E.C., 
and  32,  Clarendon  Villas,  BRIGHTON. 
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THE 

BRITISH  BAKER,  CONFECTIONER 
AND  PURVEYOR. 

The  LEADING  Technical  Organ  of  the  Baking, 
Confectionery,  and  allied  Trades. 

PUBLISHED  MONTHLY. 

Annua.1  Subscription  (including  handsome  Trade  Diary,  published  in 
December),  5/-,  post  free. 

The  British  Baker,  Confeetiener,  and  Purveyor 

(1)  Is  the  LEADING  ORGAN  of  the  Trade. 

(2)  Has  the  LARGEST  CIRCULATION  of  any  Journal  cir¬ 
culating  amongst  Bakers,  Confectioners,  Arc. 

(3)  Gives  MORE  READING  MATTER  (and  that  of  greater 
value)  than  any  other  Journal  of  its  class.  Is  patronised  hy  MORE 
ADVERTISERS  than  any  similar  Journal,  in  fact,  it  is  used  by 
nearly  as  many  Advertisers  as  any  tWO  of  itS  Competitors 
put  together. 

(4)  Gives  tlie  BEST  VALUE  to  its  readers  ;  the  amount  of  sub¬ 
scription  (5s.  per  annum,  including  postage  and  a  handsome  cloth- 
bound  Diary)  very  little  more  than  covers  the  cost  of  postage  only. 

(5)  Keeps  a  regular  Staff  of  SCIENTIFIC  and  PRACTICAL 
WRITERS,  \v ho.se  knowledge  is  at  the  service  of  all  subscribers  ;  its 
Travellers  call  upon  Bakers  and  Confectioners  in  all  parts  of  the 
Kingdom. 

(6)  Beaches  the  BEST  BUYERS  in  the  Trade,  and  is  acknow¬ 
ledged  to  be  the  MOST  ENTERPRISING  JOURNAL  connected 
with  the  Baking,  Confectionery,  and  allied  Trades. 

SPEJCIMEN  COPIES.  9d.  EACH,  POST  FREE. 

OFFICES— LONDON  (F  COFFMAN,  Manager),  83,  St.  Paul’s 
Churchyard,  E.C. ;  GLASGOW,  128,  Renfield  Street. 

Proprietors  MAOLAREN  &  SONS. 
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DAREN  BREAD. 

(HWil.STKKEI).  ) 

■WXlLKIIISrS’ 


Patentee  awarded  a  Diploma  at  the  Bakers’  and  Confectioners’ 
Exhibition,  Agricultural  Hall,  1894. 

Mr.  WILLIAM  JAGO,  F.I.C.,  F.C.S.,  say.s  : — "An  agreeable  and  efficient 
substitute  for  Wdiite  Uread  ....  the  nutritive  value  of  the  meal  above 
the  average.” 

Professor  GOODFELLOW  fays: — "  1  lakers  may  use  Daren  Flour  with 
every  confidence  in  its  jiurity  and  nutritions  (jualities.” 

Dr.  H.  S.  YOUNG  says: — “The  llre:id  is  a  distinct  ac(iuisition  to  the 
patent  bread  upon  the  market.” 

Dr.  A.  B.  KEYES,  M.D.,  says:  —  “Daren  llread  is  a  valuable  addition  to 
onr  diet  list.” 

Dr.  A.  M.  LONGSHORE  POTTS,  says  :  —  “  If  such  bread  was  in  more 
general  use,  there  would  be  mucli  less  indigestion  and  other  suffering.” 

THOS.  F.  CLARKE,  M.R.C.S.,  says: — “For  my  part  1  have  no  hesitation 
in  recommending  it  largely  for  general  consumption.” 

AND  MANY  OTHER  TESTIMONIALS. 


Used  by  all  enterprising  Bakers  and  Confectioners,  and  quickly 
increases  trade  and  connection. 

Flour  Manufactured  by 

Ipbc  iHLnolo^Jiifiunoanan  JfioUcr 

DARTFORD,  KENT, 

To  whom  apply  for  Terms  of  Sole  Agency. 
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‘THE  BRITISH  AND  FOREIGN 

ConfBBtiDiiBr,  Baker, 

and  fiBstauratBur.” 


ESTABLISHED  1877,  AND  NOW  PUBLISHED  WEEKLY. 

It  ^'ives  more  reliable  aiul  practical  inlbiniatioii  on 
trade  subjects,  and  very  inncli  more  value  for  money, 
tban  any  other  journal  of  its  kind. 

Tbe  subscription  is  only  6,-  per  annum  for  52 
weekly  numbers  of  44  pages  each,  post  free. 

Tbe  onlv  address  is  188,  Strand,  W.C.,  and  tbe 
Pnblisber  is  Waltem  Williams. 

Please  note  that  tbe  “  British  and  Foreign  Con¬ 
fectioner  and  Baker''  bas  no  connection  witli  any  other 
weekly  or  montbly  journal.  Its  cover  is  bine. 

We  will  send  a  Siiecinien  f  opy  Free  to  any  ])art 
of  tbe  World.  _ 

WALTER  WILLIAMS 

188,  STRAND,  W.C. 
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So  extensively  used  all  over  the  United  Kingdom,  and 
pecoramended  as  a  standard  of  PURITY,  REGULARITY, 
STRENGTH,  and  KEEPING  by  the  best  men  in  the  Raking 
and  Milling  Trades, 

ENSURES 

The  SalMaetion  of  Gualomera, 


AS  WELL  TO  BAKERS  AS  TO  MILLERS. 


No  imjustilied  complaints  will  be  made 
about  good  flout’,  if  Itaked  with 

A  splendid  loaf  is  sure  to  be  turned 
out  regularly,  if  baked  with 


NO  &  SF.  YEAST 
NG  &  SF.  YEAST 


3  oz.  will  do  splendidly  for  140  lbs.  Flour. 

4i  oz.  is  quite  sufficient  for  280  lbs.  Flour. 

PURE  YEAST  IS  CONSTANTLY 
GROWING  IN  FAVOUR. 

The  Proof  of  the  Pudding  is  in  the  Eating. 


WHOLESALE  AGENTS 

WALTER  HEPWORTH,  Harwich,  ESSEX; 
TRAKRANEN  BROS.,  Brooks’s  Bar,  MANCHESTER. 
WILFRED  HAUGHTON,  28,  City  Quay,  DUBLIN. 
MAWSON,  SWAN  &  CO.,  21,  Groat  Market,  NEWCASTLE-ON-TYNE. 
J.  G.  FALCONER,  53,  Marischal  Street,  ABERDEEN. 
JAMES  FLEMING  &  CO.,  19,  Albert  St.,  Leith  Walk,  EDINBURGH. 
ROBERT  ROBERTSON,  103,  Dundas  Street,  GLASGOW. 


Pm  W  >— 1  Ph  GO 


AnVKIi'I  ISIOMEN  I  S. 


XXXIll 


CHICAGO,  U.S.A. 
a  flDontbl\)  ITrabe  3ouvnal. 


ELPS  Apprentices;  Helps  Journeymen  ;  Helps  Foremen  ; 
Helps  EmjJoyers  ;  Helps  Retailers  ;  Helps  Jobbers  ; 

Helps  Wholesalers  ;  Helps  Manufacturers  ; 

sABLES  them  to  make  the  most  of  their  opportunities; 

Helps  them  to  Buy;  Helps  them  to  Sell ;  Helps  them  to  Make; 
Helps  them  to  Earn  ;  Helps  them  to  Save. 

IADS  in  the  effort  to  improve ;  Helps  them  to  get  out  of  ruts  ; 
Helps  them  to  avoid  “  dry  rot  ”  ;  Helps  them  to  “  hustle  ”  ; 
Helps  them  to  “  get  there.” 

liEADS  for  Cleanliness  and  Light ;  Helps  men  to  do  their  best ; 
Helps  them  to  be  more  intelligent  and  more  useful ; 

Helps  them  to  grow. 

IRS  up  the  lazy ;  encourages  the  industrious ;  worries  the 
“  fossil  ”  and  “  know-it-all  ”  ;  believes  in  men  knowing  “  why  ” 
as  well  as  “  how,”  and  works  to  help  them  along  this  line. 

The  Most  Helpful  Trade  Journal  published  for 
the  Confectioners  and  Bakers  of  America. 

Manufacturers  (d'  Bakers’  IMacliiiiery  find  The  Helper  their  most 
effective  assistant  in  making  sales. 

To  European  Subscribers,  6s.  in  advance. 

Advertising’  Rates  on  application. 


llEFRiUiNCES — .Jos(‘ph  Baker  it  Sons,  London  ;  The  Blandy 
Institution,  or  any  of  the  Trade  Journals  in  tlu;  United  Kingdom. 
T'r 
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PILLSBURY-WASHBURN 
FLOUR  MILLS  COMPANY,  LTD. 

Capacity,  15,000  Sacks  Daily. 

Manufacturers  of  Strong  Spring  Wheat  Flour. 

BRANDS— 

“PILLSBURY’S  BEST,”  “IMPROVED  STRAIGHTS,”  “CARLETON.” 


All  made  from  carefully  .selected  hard  Spring  Wheat,  chiefly 
bought  direct  from  the  farmers  at  our  own  elevators,  of  which  we 
have  130  in  the  choicest  hard  wheat  .section. 

CHAS.  A.  PILLSBURY,  Managing  Director. 


WAVERLY  MILLING  GO. 

WAVERLY,  ILL.,  U.S.A., 

J.  E.  HUTCHISON,  President.  \  P.  ,1.  FLYNN,  Head  Miller. 
ALBERT  J.  HARIG,  Secretary  and  Manager. 


MANUFACTURERS  OF  FINE  WINTER  WREAT  FLOUR. 


MAJESTIC,  SUPERB, 

Finest  Patent.  Straight. 

Report  by  Mr.  WILLIAM  JAGO,  P.C.S.,  P.I.C. 

“  Botli  Hours  stand  in  the  very  highest  rank  of  Winter  Wheat 
Flours,  and  are  particularly  noticeable  for  combining  with  excellent 
colour  decidedly  more  strength  than  is  possessed  by  the  generality 
of  Hours  of  this  type.” 


ADVKRTISHM  KXTS. 
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THE  MILLERS’  GAZETTE 

CORN  TRADE  JOURNAL 

IS  THE  WEEKLY  ORGAN  OF  MILLERS. 

Established  1376. 


It  is  fuR  offresli  and  interesting  articles  on  all 
topics  pertaining  to  the  Milling  and  Grain 
Trades. 

The  earliest  information  and  descriptive  articles 
of  New  Machinery  for  Millers  are  given. 


IT  IS  PUBLISHED  IN  CONNECTION  WITH 

J.  E.  BEERBOHM’S 

Eveninc  Corn  Trade  List, 

Which  it  accompanies  euery  Wednesday. 


Subscription  to  the  Millers’  Gazette,  12  6  per  annum. 

Subscription  to  the  Evening  Corn  Trade  List  (daily), 
including  the  Millers’  Gazette,  £5  15  -  per  annum 

(I’OMT  KUKK). 

pubUsbeb  VV.  S.  PARKER, 

28,  BISHOPSGATE  STREET  WITHIN,  LONDON,  E.C. 
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PliUfr 


A  WEEKLY  JOURNAL  DEVOTED  TO  THE  INTERESTS  OF  MILLERS 

(Pounded  by  W.  DUNHAM,  1876) 

Published  every  Monday  Evening,  in  time  for  the  Mails,  at  the  Office,  24,  Mark  Lane,  London,  LC. 


VoL.  XX.— No.  wa4 

KBOII<-nCHk(>  «T  THK  U  P  O 


LONDON;  MONDAY  EVENING,  JANUARY  7,  1895. 


For  Tab]e  ol  ContenU  see  page  84J. 


For  Index  of  AdvertiaemenU  see  Page  Hi. 


BRYAN  CORCORAN, 


Parcel  Department— 
BASEMENT  OF  CORN  UCKAN6E. 
Werki  and  WarebDneai— 
BACK  CHURCH  UNE. 


31,  MARK  LANE, 
LONDON,  E.C. 


See  Page  xxxv. 


BLAI;KM0RE&  CO.’S  patent  seamless  bolting  cloths, 

For  DressiBg  FLOUR  in  20  different  qaalities,  nsetuJ  also  for  other  Sifting  k  Straining  purposes. 

tJanufactUreU  d  Sold  at  Wandsworth.  LOHDOH.  S.W.  PLAN  OF  MACHINE.  4c..  GRATIS  4  POST  PR££. 

BEST  SWISS  SILKS.  (SHEETS  MADE  TO  ORDER.)  EYELET  HOLE  &  LACING  TAPES,  STIVE  BUNTING.  && 


WILLIAM  R.DELL&SON 

NONPAREIL  ONE  AND  TWO  SACK  ROLLER  PLANTS. 


ADVEUTISEMHNTS. 
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A  WEEKLY  JOURNAL. 


THF.  BECOGmSED  EEADINC  ORGAN 

OF 

THE  MILLING  TRADE. 

ANNUAL  SUBSCRIPTION,  12  6,  POST  FREE 

(52  numbers,  including-  12  large  issues). 


TO  ADVERTISERS. 

THE  CIRCULATION  OF  “THE  MILLER” 
AMONGST  MILLERS  AND  BAKERS  IS  BY  FAR 
THE  LARGEST  AND  MOST  INFLUENTIAL  OF 
ANY  OTHER  MILLING  PUBLICATION  IN  THE 
UNITED  KINGDOM. 

Rdtxs  fi/r  Advertiacnu'.nts  ivill  hr,  forwai'dcd  on  (ipphcation  to 

THE  PUBLISHER,  24,  MARK  LANE,  LONDON,  E.C. 
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Profitable  Investment. 

MONEY  SAVED 

AXI> 

BETTER  QUALITY  OBTAINED 

BY  USING 

THE  ‘  -r-l-fc-m  A  -IT-  ’  BRAND 

Pure  Pastnj  flutlers  i  Sutislitules 


WM.  JAGO,  F.C.S.  and  F.I.C.,  reports:- 

“  32,  Clarendon  Villas,  Brighton,  25tli  Jtarch,  1895. 
“I  have  received  from  Messrs.  Redding  &  .Tones,  of  London,  samples  of  their  ‘Ideal’ 
Margarines— cake  and  pastry  hrands  respectively— for  purposes  of  analysis  and  report.  I 
tlnd  them  on  examination  to  he  pure,  veil  made,  and  ahsolntely  free  from  objectionable 
matter  of  any  description.  On  analysis,  they  gave  the  following  results 

Cake  Brand.  Pastry  Brand. 


Mineral  -Matter,  mostly  Salt,  .  0-83  OAT 

Water, .  0-29  7-29 

Fat  and  Casein,  ..  .  ..  ..  ..  92'88  92'24 


KHI-On  100-00 


“  In  the  Technical  Department  of  my  Laboratory  these  have  been  subjected  to  an  exhaus¬ 
tive  series  of  tests  extending  over  some  weeks. 

“  The  Cake  Brand  is  of  good  flavour  and  colour,  creams  well,  and  works  satisfactorily  in 
all  respects. 

“  The  Pastry  Brand  is  very  tough  and  waxy,  also  of  good  flavour  and  colour,  and  works  well ; 
the  paste  rises  well,  shows  no  signs  of  pinching  or  falling  over,  but  produces  bold,  upright  goods. 
“Both  varieties  of  Maigarine  are  of  the  highest  class,  and  of  exceptionally  good  value. 

“WILLIA.M  .T.AGO.  " 


SUBSTITUTES. 

Perfection,  66  -  Cake,  50/- 
Excellent,  60/-  Pastry,  45  - 
Superfine,  56  -  fei?,  cwt. 


Toug’h,  40/- 
Waxy,  36  - 
Fine,  32- 


PERFECTLY  PURE  PASTRY  BUTFERS,  58  -,  66  -,  72  -,  78/- 


In  all  Packages.  Carriage  Paid. 


TERMS — One  Month  with  Two  Trade  References,  or  Cash  with  order. 


REDDING  &  lONES, 

16,  WATER  LANE,  GREAT  TOWER  ST.,  LONDON,  E.C. 


ADVKHTISHM  KNTH. 
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Users  of  American 
^^-Flour 

SHOULD  TAKE 

IltE  NOHTIi-lllESTEfiN  UlILLEH 

a  TOcelU\>  journal, 

PUBLISHED  IN 

MINNEAPOLIS,  MINN.,  U.S.A. 


It  is  the  representative  of  the  American  iMakers  of  both 
Sining  and  Winter  Wheat  Flonrs,  and  contains  all  the  news  of 
the  Milling  Trade,  and  a  fall  line  of  advertising  of  the  American 
Exporting  Millers. 

Gives  more  information  reganling  American  Hour  than  all 
other  publications  combined. 

Maintains  Correspondents  and  Agents  in  every  Milling 
Centre  in  the  United  States. 

Sent,  post  paid,  to  any  address  for  £1  per  annum. 

SAMPLE  COPY  FREE. 

Address— 

Mr.  KINGSLAND  SMITH, 

MANAGER  LONDON  OFFICE, 

14,  Corn  Exchange  Chambers,  Seething  Lane, 

LONDON,  E.C. 


SOLE  EEOEEIETOES  OE  THESE  BEJ^HES- 
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TH08.WHITTICK&S0N 

Mbolesalc  ll)ca6t  fiDcrcbants, 

eOGAN  STREET,  HULL.  1 

ESTiLBLISHEEE  1845. 


For  results  unequalled  In  Bread-Making  use 
Heinr.  Helbing’s  celebrated  Pure  Yeast, 

“QUEEN  BRAND.” 

(trade  mark  reoistered.) 

This  Yeast  is  made  from  the  hnest  qualities  of 
Grain  obtainable,  and  is  universally  admitted  to 
be  the  strongest  and  best  Yeast  in  the  market. 

SEND  FOR  ANALYST’S  REPORT. 


Otbcf  Specialities: 


i 


DANISH  PURE.  EXCELSIOR  PURE. 
SPECIAL  PURE.  ABSOLUTELY  PURE. 


These  Yeasts  we  can  confidently  recommend. 
They  are  all  of  established  re[)utation,  and  each 
from  their  own  standpoint  second  to  none  in  the 
market. 


•sccjsr'vaia:  aisaiHeL  eo  SHoaLaiHazoHca:  anos 


ADVEIiTISEMKNTS. 
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ESTABLISHED  13  YEARS. 

•  T3E0E3e  . 


ff 


Th©  Oldsst,  Ch6a.p6st,  and  most  entGrprising" 
Organ  of  the  Trade. 


Offers  a  Good  Medium  for  Advertisers, 

An  Excellent  Journal  for  Readers, 

and  Full  Value  for  Money, 

Annual  Subscription,  3/-  Inland ;  4/-  Foreign  and  Colonial. 

Published  on  the  15th  of  each  month. 

ADDRESS 

“  PRACTICAL  CONFECTIONER  ANO  BAKER,” 

55  &  56,  Chancery  Lane,  LONDON,  W.C. 


uu 


TF,  WHITE,  Manager. 
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Telegraphic  Address— “  BAYNARD,  LONDON,” 

TO  BAKERS. 

LARGE  REDUCTION  IN  PRICES. 


MESSRS. 

WILLIAM  GRAHAM  &  SONS 

Would  draw  the  attention  of  intending  builders  of  Ovens 
to  their  large  Stock  of 

OVEN  IRONWORK 

which  includes 

RECESSED  DOORS, 
SHALLOW 
RECESSED  DOORS, 
FLUSH  DOORS, 
IMPROVED 

RECISTERS, 
PYROMETERS, 
PYROMETER  BOXES, 
TUBES  FOR 
STEAM  OVENS, 

SEARCH  AND  FIRE  LUMPS,  IRON  WORK  FOR  FURNACES. 


PRICE  LISTS  ON  APPLICATION. 

WILLIAM  CRAHAM  &  SONS, 

TRIG  LANE,  UPPER  THAMES  ST.,  LONDON. 


ADVKRTISEMKNTS. 
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THE 

English  Diastasis  DIail  Exirast 
Company,  Limilsl 

MANUFACTURERS  OF  THE 


brand 

Guaranteed  to  be  prepared  from  English-made  Malt  only. 


ANALYST’S  REPORT. 

Biughton,  22nd  April,  1895. 

“  The  Malt  Extract  is  light  in  colour,  and  of  agreeable  smell 
and  flavour.  I  found  no  indications  whatever  of  adulteration  or 
impurity ;  but,  on  the  other  hand,  every  characteristic  of  a 
genuine  preparation  from  high-class  malt  alone.  In  diastasic 
action,  as  assured  by  that  most  crucial  of  all  tests  for  a  baker, 
an  actual  baking  test,  the  Extract  is  exceedingly  high,  giving- 
results  which,  botli  in  the  matter  of  total  soluble  extract  from 
the  bread  and  of  maltose,  are  among  the  highest  which  have 
ever  come  under  my  notice.  Bread  prepared  by  this  Extract  is 
of  good  colour,  and  is  characterised  by  remarkable  “  sheen  ”  or 
brilliancy  of  crumb.  The  loaf  is  very  moist,  and  of  particularly 
good  flavour.” 

(Signed)  WILLIAM  JAGG, 


Prices  and  Testimonials  on  application  to 

THE  ENGLISH  DIASTASIC  MALT  EXTRACT  CO.,  LTD. 


WORKS  AND  MALTINGS— 


AAISTLEJ-X",  ESSEIIX;. 


ADVERTISEMENTS. 
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ARE  YOU  LOOKING  FOR 

COTTON  &  LINEN  BAGS? 

The  best  Printing  and  best  Value  in  the  Trade  for  Bakers  and 
Grocers  who  pack  their  own  Flours,  Sugars,  &e. 

I/V.  H.  FELTHAM,  87,  Tooley  St,  London,  S.E. 

TELEGRAMS  — “  UNBAGGED,  LONDON.” 

SACKS  and  BAGS  of  all  descriptions. 


Special  Note. — Please  observe  in  Advertisement  on  page  i-v,  the  address  ia 
given  as  being  E.C.  instead  of  S.E. 


V 


